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FOREWORD 


On  November  3»  1961,  the  Advisory  Committee  on  Civil  De¬ 
fense  of  the  National  Academy  of  Sciences  Included  the  following 
recommendation  In  a  letter  to  the  Assistant  Secretary  of  Defense 
for  Civil  Defense: 

"With  regard  to  the  program  as  a  whole,  the  Committee  feels 
very  strongly  that  It  should  be  based  on  realistic  and  de¬ 
tailed  planning  assumptions  for  civil  defense.  We  have,  in 
our  specific  comments,  urged  the  development  of  such 
assumptions.  We  believe  that  not  only  research,  but  all 
civil  defense  effort  should  be  planned  and  carried  out  in 
conformance  to  the  best  possible  premises  concerning  levels 
and  types  of  enemy  attack,  and  their  effects  on  all  parts 
of  the  nation.  Planning  assumptions  would,  furthermore,  be 
slspllfled  and  made  available  to  individuals  and  communi¬ 
ties  as  guidance  to  assist  them  in  planning  their  protective 
actions. 

In  the  Department  of  Defense  -  Office  of  Civil  Defense 

official  publication  FALLOUT  PROTECTION.  What  to  Know  and  Do 

About  Nuclear  Attack,  it  was  subsequently  stated: 

"Many  of  the  spaces  in  the  central  areas  of  large  population 
centers  would  be  exposed  to  destruction  by  blast  and  fire  in 
the  event  of  a  nuclear  attack.  But  the  pattern  of  attack 
cannot  be  predicted,  and  existing  shelter  Is  more  widely 
distributed  .In  relation  to  population  than  appears  to  the 
casual  observer.  Further,  this  space  is  immediately  avail¬ 
able,  and  the  cost  of  identification,  marking,  and  stocking 
Is  less  than  $4  per  space.” 

After  reviewing  the  Civil  Defense  program,  the  Military  Opera¬ 
tions  Subcommittee  of  the  House  Committee  on  Government  Opera¬ 
tions  Issued  a  report  on  May  31,  1962,  which  reechoed  the 
earlier  recommendation  made  by  the  Advisory  Committee  on  Civil 

Defense: 

"Analyses  of  hazard  probabilities  and  damage  should  be 
carried  forward,  not  only  on  the  basis  of  varying  attack 


assumptions,  but  on  assumptions  of  varying  levels  and  kinds 
of  shelter  protection — including  protection  against  blast 
and  thermal  as  well  as  .'allout  effects — in  order  to  deter¬ 
mine  an  optimum  shelter  program  for  the  United  States.” 

In  March,  1965*  the  Office  of  Civil  Defense  issued  Techni¬ 
cal  Memorandum  6l-3  (Revised)  defining  a  fallout  shelter  a3  "a 
structure,  room,  or  space  that  protects  Its  occupants  from  fall¬ 
out  gamma  radiation,  with  a  protection  factor  of  at  least  40". 
The  memorandum  also  states: 

"Detailed  DoD  studies  of  the  lifesaving  potential  of  fall¬ 
out  shelters  indicate  that  for  the  current  time  frame  and 
for  the  foreseeable  future,  shelters  with  a  protection 
factor  of  40  could  save  over  90 1  of  these  persons  who  would 
otherwise  die  if  unprotected  against  potential  lethal 
radiation  levels.  .  .  .  Computations  indicate  that  de¬ 
creasing  returns  in  added  lives  saved  per  added  dollar 
invested  are  obtained  as  PP’s  are  increased  significantly 
above  40.  On  a  nationwide  basis,  therefore,  it  would  be 
better  life-saving  potential  per  dollar  for  the  same  dollar 
expenditure,  to  obtain  more  shelter  space  of  lower  PF  than 
only  a  few  shelter  spaces  with  a  very  high  PF." 

Guidance  of  the  type  suggested  by  the  Academy  Committee  Is  still 

not  available,  and  there  appears,  at  present,  to  be  no  plans  for 

making  it  available. 


.  CONTENTS 


SUMMARY  AKD  CONCLUSIONS  . .  1 

PART  I  -  TARGETING  ASSUMPTIONS  FOR  ATTACKS  AGAINST 
POPULATIONS . 7 

The  Problem  ........  .  7 

Targeting  for  Maximum  Population  Kill .  10 

Additional  Consequences  of  the  Targeting  Model  .  .  23 

The  Population  of  the  United  States .  26 

The  Targeting  Model  Applied  to  a  Specific  Urban 

Area  .  31 

PART  II  -  THE  INTENSITY  AND  DISTRIBUTIC  U  OF  INITIAL 

AND  RESIDUAL  RADIATION . 39 

General  Considerations  .  39 

Radiation  Dose  Units  .  . .  41 

Equivalent  Residual  Dose  (Biologically  Effective 

Dose) . 42 

Initial  Nuclear  Radiation .  44 

Residual  Nuclear  Radiation  .  48 

Doses  and  Dose  Rates  from  a  Uniform  Distribution 
of  Fission  Products  on  the  Ground  .  51 

Contamination  Levels  and  Accumulated  Doses  In  an 

Idealised  Fallout  Patterr:  Scaling  with  Yield  and 

Wind  .  55 

Meteorological  Data  for  Use  with  Fallout 

Prediction  Models  .  60 

Doses  and  Dose  Rates  In  Overlapping  Fallout 

Patterns .  62 

APPENDIXES 

APPENDIX  A  -  Distribution  of  Land  Area  by  Density  of 

Population  .  .  . . 67 

v 


CONTENTS  (Continued) 


PENDIX  B 


PEKDIa  C 
PEimiY  D 


-  Excerpt  from  Statement  of  Secretary  of 
Defense,  Robert  S.  McNamara  3efore  the 
House  Armed  Services  Committee  on  tne 
Piscal  Year  1966-70  Defense  Program 
and  1966  Defense  Budget,  Februarv  13, 

1965  . ‘  .  .  .  .  85 

-  Clinical  Feacures  of  Radiation  Injury.  .  93 

-  Pattern  Dimensions  and  Areas  for  H*1 

Hour  i/ose  Rate  Contours  ana  Maximum 
Biological  Dose  (*  1  Week  Dose)  ....  99 


SUMMARY  AND  CONCLUSIONS 

To  design  a  shelter  which  offers  its  prospective  occupants 
a  reasonable  prospect  of  survival  in  the  event  of  nuclear 
attack,  it  is  necessary  to  make  a  quantitative  estimate  of  the 
levels  of  blast,  thermal  pulse,  initial  radiation,  and  fallout 
to  which  the  shelter  location  could  reasonably  be  subjected.  To 
this  end,  it  is  necessary  to  make  an  estimate  of  the  numbers 
and  yields  of  weapons  which  would  be  detonated  in  the  United 
States,  and  to  indicate  where  it  is  likely  that  they  would  be 
detonated.  Of  particular  importance  to  the  urban  population  of 
the  United  States  —  which  constitutes  70  percent  of  the  total 
population  concentrated  on  1  percent  of  the  land  area  —  are 
the  number  and  yields  of  the  weapons  which  might  be  deliberately 
targeted  to  maximize  population  kill,  and  the  criteria  adopted 
by  the  attacker  for  determining  how  these  weapons  should  be 
allocated  to  and  within  areas  of  population  concentration. 

It  is  argued  that  a  targeting  criteria  which  might  be 
adopted  by  a  potential  enemy  in  assigning  a  portion  of  his 
nuclear  delivery  force  for  the  purpose  of  maximizing  population 
fatalities  would  be  to  aim  weapons  in  such  a  way  as  to  include 
the  Maximum  number  of  persons  within  a  blast  level  of  at  least 
5  pounds  per  square  inch  (psi)  overpressure.  It  is  hypothesized 
that  the  total  cost  of  delivering  a  nuclear  weapon  over  Inter¬ 
continental  distances  varies  approximately  as  the  2/3  power  of 
its  yield.  Since  the  area  included  within  the  5  psi  level  for 
an  airburst  or  surfaceburst  also  varies  as  the  2/3  power  of  the 
yield,  the  total  area  included  within  the  5  psi  level  for  a 
given  total  coat  for  delivered  weapons  does  not  depend  on  the 
yield  of  the  individual  weapons  delivered. 
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The  area  over  which  a  single  weapon  exerts  a  blast  level 
sf  at  least  5  pal  ia  taken  as  the  "lethal"  area  of  the  weapon. * 

It  Is  assumed  that  the  level  of  attack  which  might  be  de¬ 
livered  against  population  targets  In  the  United  States  would 
lie  between  that  characterized  by  100  1-MT  weapons  and  1000  1-MT 
feapons.  The  lethal  areas  associated  with  these  two  attack 
levels  are: 

Surfacebursts  Alrbursts 

100  1-MT  weapons  2,380  sq.  mi.  5,800  sq.  ml. 

1000  1-MT  weapons  23,800  sq.  ml.  58,000  sq.  ml. 

Phe  total  urbanized  area  of  the  United  States  covers  approxi- 
nately  25,000  square  miles,  or  approximately  the  lethal  area 
issoclated  with  the  alrburst  of  4 30  1-MT  weapons. 

The  lethal  area  associated  with  an  alrburst  of  a  given 
field  is  over  twice  that  of  a  surfaceburst  of  the  same  yield. 

*or  attacks  against  urban  population,  it  Is  an  unsolved  problem 
is  to  whether  or  not  a  larger  number  of  fatalities  would  be  ln- 
surred  by  alrbursts,  with  more  fatalities  from  the  initial 
rffccts  of  blast,  heat,  and  Initial  nuclear  radiation,  or  from 
lurfacebursts  with  a  smaller  number  of  fatalities  from  the 
.mmediate  effects,  but  with  an  uncertain  number  of  casualties 


The  "lethal  area"  associated  with  a  nuclear  weapon  burst  is 
defined  as  the  circular  area,  centered  on  the  ground  zero  of 
the  burst,  of  such  radius  that  the  total  number  of  persons  In 
a  uniformly  dense  population  which  are  killed  from  the  blast, 
heat,  and  initial  nuclear  radiation  of  the  burst  is  equal  to 
the  number  of  persons  within  the  circle.  If  P(r)  is  the 
probability  that  a  person  will  be  killed  by  the  immediate 
weapon  effects  as  a  function  of  distance  r  from  ground  zero, 
then 


Lethal  area  »  /  2»r  P(r)  dr  . 

Jq 

It  is  a  consequence  of  the  definition  that  the  total  number  of 
persons  within  the  lethal  area  who  are  not  killed  just  equals 
the  total  number  outside  who  are  killed. 
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due  to  fallout.  Accordingly,  the  possibility  of  both  airbursts 
and  surfacebursts  r.ust  be  taken  *into  account  when  considering 
shelter  requirements  in  urban  centers  subject  to  direct  attack. 

Given  an  attack  on  the  population  of  the  United  States, 
the  maximum  number  of  persons  would  be  Included  within  the 
lethal  area  of  the  weapons  employed  if  the  lethal  area  could  be 
allocated  to  those  places  in  the  United  States  for  which  the 
population  density  is  equal  to  or  greater  than  some  minimum 
population  density  and  to  no  area  for  which  population 

density  it  less  than  Dmin  can  be  determined  from  the 

,  total  lethal  area  of  the  attack,*  and  from  a  graph  (Figure  9) 
which  shows  the  area  of  the  United  States  for  which  the  popula¬ 
tion  density  is  equal  to  or  greater  than  any  given  density.  The 
portion  of  any  given  urbanized  area  targeted  to  the  5  psl  level 
stay  then  be  taken  as  the  area  within  the  local  population 
density  contour  on  which  the  population  density  is  The 

number  of  weapons  assigned  to  this  area  is  then  chosen  so  that 
their  combined  lethal  areas  are  approximately  those  of  the  area 
within  tne'populati  or.  density  contour  determined  by  Djain. 

For  a  given  population  concentration,  there  may  be  no 
reason  tO| presume  that  weapons  would  be  aimed  at  particular 
points  within  the  area  to  be  targeted  (e.g.,  at  specific  mili¬ 
tary  or  industrial  targets).  In  that  case,  the  probability  of 
survival  In  a  shelter  which  protects  to  the  X  psl  level  and 
which  is  located  at  random  within  the  targeted  area  Is  approxi¬ 
mately  the  ratio  of  the  area  covered  by  X  psl  from  any  given 
weapons  burst  to  the  az*ea  covered  by  5  psi  from  the  same  weapon 
buret.  Under  the  targeting  doctrine  assumed,  this  probability 
Is  independent  of  weapon  yield,  or  whether  or  not  the  weapon  is 
alrburst  or  surfaceburst.  Under  the  assumptions  of  this 
targeting  model,  a  30  psl  shelter  will  reduce  the  probability 
of  being  killed  In  a  targeted  area  to  about  10  percent. 


Por  shelters  subjected  to  blast  levels  greater  than  30  -si 
•out  one  and  a  half  times  the  radius  of  the  fireball),  it  Is 
longer  true  that  protection  against  clast  and  high  levels  of 
ildual  radiation  (fallout)  automatically  guarantees  protection 
linst  initial  nuclear  radiation. 

Fallout  deposition  patterns  are  highly  unpredictable.  The 
Llout  level  at  any  point  depends  on  the  total,  surfaceburst , 
islon  megatonage  of  all  attacks  against  all  targets  which 
itribute  to  the  fallout  at  that  point.  The  highest  levels  of 
»idual  radiation  of  concern  to  urban  populations  are  likely 
be  experienced  in  and  immediately  downwind  of  large  urbanized 
fas  subject  to  direct  attack  with  multiple,  high-yield 
rfacebursts .  Based  on  one  of  several  fallout  models  currently 
use,  fallout  contamination  levels  in  the  range  of  5,033- 
,000  roentgens/hcur  at  1  hour,  corresponding  to  maximum  b lo¬ 
gical  dose  levels  of  15,000  to  30,000  roentgens,  might 
isonably  be  anticipated  in  portions  of  an  area  attacked  with 
jurfaceburst  10-MT  weapons,  eaf’*  deriving  50  percent  of  their 
fid  from  fission. 

Data  are  presented  to  enable,  for  any  given  level  of  attack 
rected  against  populations,  a  rough  allocation  of  weapons 
?ng  each  of  the  213  principal  urbanized  areas  in  the  United 
ites.  The  model  and  data  indicate  that  the  Washington  (D.C.  - 
.  -  Md.)  urbanized  area,  with  1.8  trillion  persons  and  covering 
5  square  miles,  would  be  allocated  3  1-MT  weapons  in  an  attack 
linst  the  population  of  the  United  States  consisting  cf  100 
fT  weapons  airburst  at  optimum  altitude.  The  model  and  data 
llcate  this  area  would  receive  12  1-MT  weapons  for  an  attack 
alnst  the  United  States  consisting  of  1000  1-MT  surfacebursts . 
each  case  the  entire  District  of  Columbia,  consisting  of  62 
uare  miles  at  an  average  density  of  12,400  persons/square  mile 
subjected  to  blast  leve's  of  at  least  5  psl.  For  an  attack 
ainst  the  U.S.  population  with  300  1-MT  airbursts,  or  1000 


1-MT  surfacebursts,  the  model  Indicates  that  the  entire 
Vaahington  urbanized  area,  including  Rockville,  Maryland,  could 
anticipate  blast  levels  of  at  least  5  psi. 


PACT  I  -  TARGETING  ASSUMPTIONS  FOR  ATTACKS  AGAINST  POPULATIONS 


A.  THE  PROBLEM 

To  design  &  shelter  which  offers  Its  prospective  occupants 
a  reasonable  prospect  of  survival  against  fallout  In  the  event 
of  thermonuclear  war.  It  Is  necessary  to  make  a  quantitative 
estimate  of  the  likely  level  of  all  weapon  effects  -  blast, 
thermal.  Initial  radiation,  and  fallout  ~  to  which  the  shelter 
location  would  be  subjected  In  a  nuclear  attack.  The  reason  Is 
simple  enough:  both  the  shelter  and  Its  occupants  must  with¬ 
stand  those  weapon  effects  which  precede  the  fallout.  The 
problem  Is  to  anticipate  for  any  proposed  shelter  location, 
both  the  right  magnitude  of  effects,  and  the  right  combination 
of  effects.  More  precisely,  the  basis  for  shelter  design  and 
operation  must  be  a  prudent  and  practical  assessment  of  the 
probability  that  the  proposed  shelter  will  be  subjected  to 
various  combinations  and  levels  of  weapon  effects. 

It  Is  far  from  obvious  that  It  Is  possible  to  develop  use¬ 
ful  guidance  of  this  type  for  every  —  or  even  for  any  — 
location  In  the  United  States.  There  are  many  strategies  and 
weapons  available  tc  the  enemy.  Our  knowledge  of  them  is  in¬ 
complete,  the  problems  change  with  time  and  with  technological 
developments,  and  much  that  happens  In  war  is  net  In  accord 
with  anybody's  plan.  Any  place  could  be  In  the  mlle-across, 
900-foot-deep  hole  created  by  the  surfaceburst  of  a  30-MT  war¬ 
head,  in  which  case  no  shelter  would  be  of  any  avail.  And,  any 
place  could  be  largely  untouched,  even  by  fallout,  in  which 
case  no  shelter  would  be  needed. 


K«ither  of  these  latter  assumptions  would  be  a  useful 
basis  for  civil  defense  planning.  This  follows  from  straight* 
forward  but  not  obvious  computations  on  the  areas  of ‘the 
fallout,  blast,  and  thermal  effects  of  nuclear  weapons,  the 
numbers  of  cities,  towns,  and  military  targets  in  the  United 
States,  and  the  plausible  number  of  deliverable  weapons 
possessed  by  any  potential  enemy.  It  has  been  recognized  for 
some  time  that  even  remote,  rural  areas  must  concern  themselves 
with  the  possibility  of  dangerous  levels  of  fallout,  and  that 
some  cities  could  be  subjected  to  direct  attack,  either  because 
they  contain  or  are  near  to  priority  military  targets,  or 
simply  because  they  are  centers  of  population  and  industry.  Two 
authoritative  statements  of  targeting  doctrine  which  offer  an 
Informed  appraisal  of  the  ultimate  threat  to  civil  populations 
have  been  given  by  Secretary  McNamara  and  Marshal  Sokolovskii; 

Secretary  McNamara  testified  before  the  Senate  Armed 
Services  Committee;1 

•The  major  mission  of  the  strategic  retaliatory  forces  is 
to  deter  war  by  their  capability  to  destroy  the  enemy’s 
war  making  potential,  including  not  only  his  nuclear 
strike  force  and  military  installations,  but  also  his 
urban  society,  if  necessary." 

Marshal  Sokolovskii  states  In  his  book  Soviet  Military 
2 

Strategy: 

"Nhat  will  be  the  characteristic  features  of  a  war  of  the 
future  from  the  point  of  view  of  its  military-strategic 
goals  and  the  means  of  waging  it? 


1Hearu.ngs  on  the  Department  of  Defense  Appropriations  for 
PI  1964,  0.S.  House  of  Representatives,  Part  I,  Page  110 
(Secretary  McNamara's  statement  given  on  February  7,  1963)* 

^Military  Strategy,  edited  by  V.  D.  Sokolovskii  (Voennala 
Strateglla,  V.  D.  Sokolovskii,  Voennoe  Izdatel'stvo 
Mlnisterstva  Oborony,  SSR,  Moskva,  1962),  translated  by 
Foreign  Technology  Division,  Wright-Patterson  Air  Force  Base 
(quote  from  Chapter  IV). 
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"On  the  basis  of  the  above  considered  political  and  mili¬ 
tary  goals  of  the  two  camps,  it  may  be  assumed  that  the 
belligerents  will  use  the  most  decisive  means  of  waging 
war  with,  above  all,  the  mass  use  of  nuclear  weapons  for 
the  purpose  of  achieving  rhe  annihilation  or  capitulation 
of  the  enemy  In  the  shortest  possible  tine. 

"The  question  arises  of  what,  under  these  conditions,  con¬ 
stitutes  the  main  military-strategic  goal  of  the  war:  the 
defeat  of  the  enemy's  armed  forces  as  was  the  case  in  the 
past,  or  the  annihilation  and  destruction  of  objectives  in 
the  enemy  zone  of  the  Interior  and  the  aisorganization  ol’ 
the  latter? 

"The  theory  of  Soviet  military  strategy  gives  the  following 
answer  to  this  question:  both  of  these  goals  should  be 
achieved  simultaneously.  The  annihilation  of  the  enemy's 
armed  forces,  the  destruction  of  objectives  in  the  2one  of 
the  Interior,  the  disorganization  of  the  zone  of  the 
Interior  will  be  a  single  continuous  process  of  the  war. 

Two  main  factors  are  at  the  root  of  this  solution  of  the 
problem:  first,  the  need  to  decisively  defeat  the  agrcssor 
in  the  shortest  possible  time,  for  which  it  will  be  neces¬ 
sary  to  deprive  him  simultaneously  of  his  military,  polit¬ 
ical,  and  economic  capabilities  of  waging  war;  second,  the 
real  possibility  of  achieving  these  goals  simultaneously 
with  the  aid  of  existing  means  of  armed  combat." 

Assuming  that  some  fraction  of  the  nuclear  striking  force 
of  a  possible  enemy  might  be  employed  for  the  unhappy  purpose 
of  killing  people  in  the  most  efficient  manner,  what  assumptions 
should  be  made  as  to  Just  how  it  would  be  used?  In  particular, 
what  criteria  should  the  civil  defense  planner  use  as  a  guide 
for  determining  which  cities  could  reasonably  be  candidates  for 
direct  attack?  How  far  into  the  suburbs  of  such  cities  would 
It  be  prudent  for  the  shelter  designer  to  concern  himself  with 
blast  and  heat  in  addition  to  fallout,  and  with  what  levels  of 
blast,  heat,  and  fallout?  Given  crude  guidance  on  how  many 
bomba  of  what  sizes  might  be  expected  to  fall  where,  it  then 
becomes  possible  to  utilize  the  detailed  and  important  technical 
information  on  the  fallout,  radiation,  and  blast  effects  of 
Individual  weapons  given  in  such  publications  as  The  Effects  of 
Muclear  Weapons  for  determining  shelter  requirements,  and  eval¬ 
uating  shelter  proposals.  Without  such  guidance,  the  70  percent 
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of  tho  U.S.  population  which  presently  lives  In  urban  areas  has 
no  basis  for  assessing  the  merits  of  alternative  protective 

measures. 

B.  TARQETINQ  FOR  MAXIMUM  POPULATION  KILL 

Determination  of  the  burst  locations  of  an  attack  designed 
to  maximise  population  fatalities  depends  on  a  number  of  condl- 
tlons  and  assumptions: 

The  number  and  yields  of  nuclear  weapons  allocated  to  the 
destruction  of  urban  targets. 

The  definition  of  a  fatality,  or  more  correctly  the  combi¬ 
nation  of  weapon  effects  assumed  to  give  rise  to  fatalities 
over  some  defined  period  of  time. 

The  active  and  passive  measures  which  have  been  taken  to 
counter  the  effects  of  a  population  attack. 

The  distribution  of  population  over  the  targeted  area. 

It  is  assumed  here  that  population  preparedness  Is  the  same  as 
currently  exists  In  the  United  States,  and  that  active  defense 
measures  are  not  of  such  a  character  as  to  Influence  the 
assumptions  for  passive  defense  planning.  It  Is  further  assumed 
that  the  actual  assignment  of  weapons  Is  done  In  a  way  (de¬ 
scribed  later)  which  maximizes  blast  fatalities.  This  is  done 
without  attempting  to  answer  the  question  of  whether  or  not 
more  persons  might  In  fact  be  killed  during  the  first  day  or  two 
by  fire  (as  was  the  case  In  Hiroshima  and  Nagasaki),*  or  within 
60  days  by  radiation,  or  within  the  first  year  by  the  ccmblned 
effects  of  blast,  fire,  fallout,  starvation,  disease,  exposure, 
and  general  chaos.  The  reason  for  the  assumption  is  partly  that 
the  effects  of  fallout,  fire,  and  general  chaos  are  both 
uncertain  and  difficult  to  assess,  and  strongly  dependent  upon 


*The  Effects  of  Nuclear  Weapons,  paragraph  11.13-11.20,  prepared 
by  the  United  States  Department  of  Defense,  published  by  the 
United  States  Atomic  Energy  Commission,  April  1962,  Samuel 
Glasstone,  editor,  U.S.  Government  Printing  Office  (weapon 
effects-yield-distance  relations,  from  Nuclear  Bomb  Effects 
Computer  accompanying  publications). 
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wind  and  weather.  Also,  blast  is  more  dependable  and  decisive 
against  Industry  and  military  targets  In  populated  areas  than 
are  the  other  effects  of  airbursts  or  surfacebursts. 

The  question  then  arises  as  to  what  likelihood  of  a  blast 
fatality  should  be  assigned  to  a  given  level  of  blast  over¬ 
pressure.  Here  again  simplifying  assumptions  are  made  which 
may  be  better  justified  as  an  assumption  for  optimal  targeting 
than  as  a  method  of  damage  assessment.  It  is  assumed  that 
everyone  subjected  to  an  overpressure  level  of  5  pel  (or 
greater)  Is  killed,  and  that  everyone  subjected  to  less  than  5 
psl  survives.  *  f  |' 

This  assumption  may  be  questioned  on  two  counts:  (1)  the 
selection  of  a  model  with  a  single  overpressure  criterion  for 
determining  a  fatality,  and  (2)  the  choice  of  5  psl  as  the 

dividing  line.  Each  of  these  assumptions  Is  examined  briefly. 

1 

The  19*»9  edition  of  The  Effects  of  Atomic  Weapons  gave  a 

curve  showing  the  percentage  of  survivors  In  Hiroshima  as  a 

function  of  radial  distance  from  ground  zero/  This  curve  is 

reproduced  as  Figure  1,  and  redrawn  In  Figure  2  to  show  the 

same  phenomenon  as  a  function  of  peak  blast  overpressure.  It 

Is  seen  from  Figure  2  that  in  this  particular  unwarned  popula- 

2  ' 

tlon,  the  alrburst  of  a  14-KT  bomb  caused  casualties  to  begin 
at  an  overpressure  level  of  3  psl,  that  at  5  psl  there  were  30 
percent  fatalities,  and  that  even  at  16  psl,  15  percent 
evidently  survived. 


“^he  Effects  of  Atomic  Weapons,  prepared  for  and  in  cooperation 
with  the U7ST  department  of  Defense  and  the  O.S.  Atomic  Energy 
Commission  under  the  direction  of  the  Los  Alamos  Scientific 
Laboratory.  Revised  September  1950,  Samuel  Gladstone, 
Executive  Editor,  U.S.  Government  Printing  Office. 

2RM  *J93  PH  The  Yield  of  the  Hiroshima  Bomb  as  Derived  from 
Pressure  Records .  H. L.  Brode,  September  1964. 
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OSTAMCE  ftOMGCOUND  ZHO  (Fast) 


FIGURE  1  •  Percent  Mortality  os  a  Function  of  Distance  from  Ground  Zero 
far  the  Atomic  Bombings  of  Hiroshima  and  Nagasaki 


FIGURE  2.  Percent  Mortality  os  o  Function  of  Peak  Overpressure  for  the  Atomic 

Bombings  of  Hiroshima  and  Nogosokl 


the  same  48  states  will  have  Increased  In  population  to  about 
210  million  persons  (an  Increase  of  about  32  million  persons, 
or  almost  18  percent).  Whereas  in  I960  almost  70  percent  of 

l 

the  population  lived  In  urbanized  areas,  by  1970  It  is  esti¬ 
mated  that  this  figure  will  Increase  to  about  80  percent. 

In  I960,  the  urban  population  was  concentrated  In  slightly 
more  than  1  percent  of  the  land  area  of  the  country  (Table  4). 
The  population  of  urbanized  areas,  something  more  than  one-half 
of  the  total,  occupied  less  than  1  percent  of  the  total  land 
area.  Among  urban  places,  the  number  of  Inhabitants  per  square 
mile  decreased  as  size  of  place  decreased.  For  places  of 
1,000,000  inhabitants  or  more,  the  average  density  was  13,665 
persons  per  square  mile;  for  places  between  100,000  and 
1,000,000,  average  densities  ranged  between  4,000  and  6,000  per 
square  mile,  and  the  average  density  for  places  of  2,500  to 
5,000  was  1,446.  In  urban- fringe  areas  outside  urban  places, 
the  average  density  was  1,781  per  square  mile,  and  In  rural 
territory  the  density  was  15.  The  average  population  density  for 
the  48  conterminous  states  was  about  60  persons /square  mile. 


"Urban  and  rural  residence. — According  to  the  definition 
adopted  for  use  in  the  I960  Census,  the  urban  population  com¬ 
prises  all  persons  living  in  (a)  places  of  2,500  inhabitants 
or  more  incorporated  as  cities,  boroughs,  villages,  and  towns 
(except  towns  in  New  England,  New  York,  and  Wisconsin);  (b) 
the  densely  settled  urban  fringe,  whether  incorporated  or  unin¬ 
corporated,  of  urbanized  areas;  (c)  towns  in  New  England  and 
townships  in  New  Jersey  and  Pennsylvania  which  contain  no 
Incorporated  municipalities  as  subdivisions  and  have  either 
25,000  inhabitants  or  more  or  a  population  of  2,500  to  25,000 
and  a  density  of  1,500  persons  or  more  per  square  mile;  (d) 
counties  in  States  other  than  the  New  England  States,  New 
Jersey,  and  Pennsylvania  that  have  no  incorporated  municipal¬ 
ities  within  their  boundaries  and  have  a  density  of  1,500 
persons  per  square  mile;  and  (e)  unincorporated  places  of  2,500 
inhabitants  or  more.  In  other  words,  the  urban  population  com¬ 
prises  all  persons  living  in  urbanized  areas  and  in  places  of 
2,500  inhabitants  or  more  outside  urbanized  areas.  The  popula¬ 
tion  not  classified  as  urban  constitutes  the  rural  population." 
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Table  *.  POPULATION  AND  DENSITY 
IN  GROUPS  OP  PLACES  CLASSIFIED 
ACCORDING  TO  SIZE:  I960 
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The  distribution  of  the 
I960  U.S.  population  is  shown  in 
Figure  11.  A  tabulation  of  U.S. 
urbanized  areas ,  ranked  according 
to  population,  is  shown  in  Table 
5.  Detailed  statistics  on  the 
land  areas,  population,  and  pop- 
ulatlon  densities  cf  the  central 
city  and  urban  fringes  of  the 
213  urbanized  areas  shown  in 
Table  5  are  presented  in  Appendix 
A.  A  summary  of  these  statistics 
is  presented  In  the  graphs  of 
Figures  9  and  12. 

The  U.S.  population  data 
summarized  above  are  not  very 
satisfactory  inputs  to  the  tar¬ 
geting  model  described  in  this 
paper.  One  is  really  Interested 
in  the  population  densities 
which  will  pertain  in  1970, 
rather  than  those  which  existed 
in  I960.  Further,  the  definition 
of  urbanized  areas,  and  the  scale 
on  which  densities  were  computed, 
were  not  devised  for  the  purpose 
for  which  they  have  been  used 
here.  A  treatment  of  U.S.  census 
statistics  more  directly  oriented 
to  the  needs  of  civil  defense  is 
given  in  OCD-OEP  National  %oca- 


tion  Code,  but  as  yet  without  the  presentation  of  land  areas  and 
population  densities  in  the  central  city  and  the  urban  fringe. 
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FIGURE  3 


FIGURE  4. 


2 

Wood- From*  House  Exposed  to  1 .7  psi  Overpressure  and  About  9  col/ cm 
Thermal  Energy  (7,500  feet  from  16-KT  Bunt  on  300-ft  Tower) 


Strengthened  Wood-Frame  House  Exposed  to  4  psi  Overpressure  and  About  25 

2 

casern  Thermal  Energy  (5,589  feet  from  29- KT  Bunt  on  a  500- ft  Tower) 
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FIGURE  5.  Uhrelnforced  Brick  House  Expored  to  5  psi  Overpressure  (4,700  feet  from 

29- KT  Bunt  on  a  500-ff  Tower) 


?IGURE  6.  Steel-Framing,  Steel  Pone  I  Building  Exposed  to  3.1  pel  Overpressure 
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FIGURE  7 .  Thermal  Effects  on  the  Wood- From#  Hoot#  Immediately  After  Bunt,  but 

2 

Before  Arrival  of  Blast  Wove.  Thermal  Flux  wo*  25  col/cm  .  House 
Destroyed  by  Blast  Wave  Which  Followed.  (3,500  feet  from  16-KT 

Bunt  on  a  300 ft  Tower) 


FIGURE  8.  Thermal  Effects  on  Wood -Frame  House  of  Figure  7,  Two  Seconds  Later 


UtMl  IM*M 
llt/MI  ailMl 

U«*«1  Ml 
|ltK.N  M-**.) 

tKtKflem 

i.n 

nj 

I.K 

M.t 

n.M 

Mt.l 

Hwwiu 

«.M 

M.» 

Ml 

m.t 

n.M 

m.t 

Table  1.  LETHAL  RADII  AND  No  one  can  know  what  frac- 
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I  tween  the  number  and  yield  of 

|j  weapons  which  might  be  used 

•gainst  us  If  the  U.S.  were  subjected  to  direct  population 
attacks.  The  assumption  made  here,  and  one  which  cannot  be 
Justified  except  by  general  arguments  relating  to  the  economies 
of  scale,  is  that  the  cost  of  a  strategic  weapon  delivered  over 
intercontinental  distances  varies  approximately  as  the  2/3 
power  of  the  yield. 

Suppose  now  one  has  three  weights  of  attack  target  against 
a  set  of  (urban)  targets  corresponding  respectively,  to  the 
delivery  of 

100  1-KT  bombs, 

300  1-KT  bombs,  1  ' 

1000  1-KT  bombs. 
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How  would  these  attack  levels  translate  Into  numbers  of  weapons 
and  total  delivered  r.egatonage  if  the  same  effort  had  been  put 
Into  8-KT  bot£s  or  64-MT  bomb3,  if  the  total  cost  Is  held 
constant? 

Let  C(T)  ■  cost  per  strategic  weapon  delivered. 

Then  C(Y)  ■  C^Y2^3,  where  Is  the  cost  of  deliver/  of 

a  1-MT  weapon,  and  Y  Is  the  weapon  yield  In  HT 
Let  B  “  Strategic  offensive  budget  for  given  level  of 
population  attack. 

Then  total  number  of  weapons  delivered  »  — —  *  3- 

.  ff(T)  C1  Y2/3 


total  yield  delivered  *  Y  x  g|yy  ■  (jp-)  Y*^3 


Table  2.  SPECIFICATION  OF 
HUMBER  OP  WEAPONS  AND  TOTAL 
YIELD  FOR  THREE  LEVELS 
OF  ATTACK 
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The  equivalent  number's  and 
yields  of  weapons  for  the  three 
attack  levels  Indicated  above 
would  then  be  shown  In  Table  2. 

There  Is  an  Interesting 
consequence  of  the  assumptions 
concerning  the  cost  of  deliver¬ 
able  weapons  as  a  function  of 
individual  weapon  yield,  and  the 
manner  in  which  the  lethal  area 
of  a  weapon  Increases  with 
yield.  Basely,  for  a  given 
expenditure,  the  combined  lethal 
area  of  the  weapons  does  not  de¬ 
pend  on  Individual  weapon  yield. 
That  Is,  the  lethal  area  Is  the 
saae  for  each  attack  level  shown 
In  Table  2. 
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It  remains  to  determine  how  •  given  level  of  attack  should 
be  targeted  —  that  is  to  say,  the  location  of  the  ground 
seros  —  for  attacks  against  people  designed  to  maximize  blast 
fatalities.  The  basic  criteria,  discussed  above,  is  that  the 
maxianm  number  of  persons  be  Included  within  the  5  pal  over¬ 
pressure  level. 

The  key  element  is  recognition  that  the  essential  factor 
governing  the  allocation  of  weapons  is  the  density  of  popula¬ 
tion.  It  has  been  shown  that  for  a  given  level  of  attack  with 
alrbursts  or  surfacebursts,  a  fixed  amount  of  lethal  area  has 
to  be  distributed  over  the  United  States.  Suppose  now  one  has 
a  curve,  such  as  shown  in  Figure  9»  showing  the  area  of  the 
United  States  for  which  the  population  density  exceeds  any 
given  density  D.  It  may  be  noted  that  the  maximum  number  of 
persons  could  be  covered  with  a  given  total  lethal  area  if  this 
area  could  be  distributed  in  such  a  way  as  to  cover  all  those 
areas  in  the  United  States  for  which  the  population  density 
is  greater  than  or  equal  to  some  minimum  density  Daln,  and  no 
areas  at  all  for  which  the  density  of  population  is  less  than 
Dmin*  Further,  the  value  of  this  PMlw  would  then  be  determined 
from  such  a  curve  as  that  shown  in  Figure  9*  together  with  the 
total  lethal  area  available.  If  then  one  wished  to  know  how 
much  of  the  total  lethal  area  should  be  allocated  to  any  given 
metropolitan  or  urbanized  area,  it  would  suffice  to  determine 
the  population  density  contour  around  a  given  city  within  which 
the  population  density  is  always  greater  than  or  equal  to 
Dmin*  said  to  coa^ute  the  area  within  this  contour.  The  area  so 
determined  would  be  the  optimum  lethal  area  to  allocate  to  any 
given  city.  This  lethal  area  could  then  be  converted  back, 
from  a  knowledge  of  the  lethal  area  of  individual  weapons,  to 
provide  a  rule  for  calculating  the  optimum  number  of  weapons  to 
allocate  to  that  particular  city  or  urbanized  area. 

To  be  a  strictly  valid  optimization  procedure,  this  rule 
would  require  that  the  lethal  area  of  a  weapon  be  able  to  take 
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FIGURE  9.  Areo  of  the  United  State*  for  which  the  Reputation  0«rsjity  >  0  Hnsms/tm 

(1930  Census) 


any  shape  to  fit,  without  overlaps  or  gaps,  within  any  popula¬ 
tion  density  contour  for  which  the  population  density  is  equal 
to  or  greater  than  It  would  also  be  necessary  to  utilize 

only  a  fraction  of  a  weapon  in  the  event  the  area  of  a  concen¬ 
tration  of  population  for  which  the  0  is  equal  to  or  greater  than 
^nln  were  less  than  a  lethal  area.  For  the  concept  of  lethal 
area  to  be  applicable,  however,  the  population  density  should 
not  vary  significantly  over  linear  distances  comparable  to  the 
lethal  radius.  That  this  is  the  case  for  the  weapon  yields 
considered  here  (1,  8,  64  NT)  can  only  be  verified  by  a  detailed 
examination  of  population  densities  in  0.S.  urban  areas.  It 
■ay  also  be  noted,  however,  that  since  the  cost  per  unit  of 
delivered  lethal  (blast)  area  is  assumed  not  to  vary  with  the 
yield  of  the  Individual  weapons,  it  is  not  unreasonable  to 
assume  that  for  a  given  level  of  attack  against  population,  the 
yield  of  weapons  for  attack  of  a  particular  target  would  be 
selected  to  cover  a  given  area  as  uniformly  as  possible.'  If 


one  places  weapons  inside  a  contour  where  D  is  equal  to  or  greater 
than  DJB^n  in  such  a  way  that  the  circular  lethal  areas  of  indi¬ 
vidual  weapons  are  Just  tangent  to  each  other,  then  one  may 
argue  that  the  gaps  between  the  circular  coverage  are  not  too 
serious  inasmuch  as  the  locations  not  covered  by  5  psi  from  any 
single  weapon  will  be  covered  by  an  overpressure  somewhat  less 
than  5  psi  from  several  weapons.  But,  whatever  the  approxima¬ 
tions  involved,  the  Important  and  essential  result  is  that  a 
simple  and  direct  criterion  exists  of  deducing  an  optimum,  or 
near  optimum,  allocation  of  weapons  to  any  particular  target 
among  all  the  competing  targets  in  the  country  from  (1)  one 
curve  showing  the  area  of  the  U.S.  for  which  the  population 
density  exceeds  any  given  amount,  (2)  a  map  of  the  particular 
target  of  interest  on  which  contours  of  constant  population 
density  are  Indicated,  and  (3)  a  second  curve  showing  the  area 
within  the  target  area  for  which  the  population  density  exceeds 


any  given  amount. 
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It  should  be  emphasised,  of  course,  that  some  cities,  by 
virtue  of  thin  colocation  with  Important  military  targets  or 

important  governmental  control  or  Industrial  centers  have  a 

| 

strategic  targeting  Importance  for  reasons  other  than  population 
per  se.  Such  cities  might  be  attacked  much  more  —  or  less  ~ 
heavily  than  Indicated  by  the  model.  It  Is  also  possible  that 
arguments  can  be  made  that  the  best  way  to  disrupt  a  country 
and  kill  Its  population  Is  to  spread  the  attack  much  more  widely 
than  Indicated  by  the  method  proposed  here  on  the  grounds  that 
the  longer  range  effects  of  starvation,  disease,  and  economic 
chaos  would  take  a  larger  toll  If  no  urban  areas  were  left 
physically  Intact.  Further  the  model  tells  nothing  about 
whether  or  not  an  enemy  might  decide  to  seek  to  avoid  population 

I 

fatalities  or  maximize  them,  or  how  much  of  his  total  military 
effort  would  be  allocated  to  the  task  of  killing  people  If  that 
were  one  of  his  target? ng  objectives.  But  It  does  provide 
crude  but  Important  quantitative  guidance  to  urban  and  suburban 
populations  per  se  as  to  magnitude  of  the  various  weapon  effects 
to  which  they  could  reasonably  be  subjected  In  the  event  the 
enemy  targets  In  the  simplest  way  to  assure  maximum  prompt 
population  kill. 

C.  ADDITIONAL  CONSEQUENCES  OF  THE  TARQETINQ  MODEL 

The  model,  as  presented,  leads  to  a  number  of  Interesting 
side  conclusions.  First,  the  selection  of  ground  seros  within 
the  minimum  density  contour  Is  not  directly  Important.  All  that 
matters  Is  that  the  weapons  be  laid  down  In  such  a  way  that  the 
entire  area  is  covered  with  a  minimum  of  gaps  or  overlaps. 

There  nay,  of  course,  be  local  reasons  why  particular  points 
within  an  area  would  be  a  more  profitable  aim  point.  For 
example,  some  might  coincide  with  a  higher  concentration  of 
Industry,  or  an  Important  governmental  seat,  or  a  target  of 
direct  military  interest.  Unless  one  assumes  that  a  given  metro¬ 
politan  area  would  be  attacked  with  a  single  weapon  whose 
circular  lethal  area  coincided  approximately  with  the  density 
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contour  to  be  targeted,  or  unless  there  are  local  reasons  for 
assuming  the  selection  of  specific  aim  points,  one  might  assume 
for  the  purpose  of  designing  and  locating  shelters  that -any 
point  within  the  contour  indicating  the  density  of  population 
to  bt  targeted  is  as  likely  to  be  a  ground  zero  as. any  other 
point.  Under  this  assumption  the  model  gives  an  indication  of 
the  potential  value  of  constructing  a  shelter  which  will  with¬ 
stand  a  given  overpressure  level,  provided. the  enemy  targets 
for  maximum  population  kill  on  the  assumption  of  an  unsheltered 
population.  The  value  of  the  potential  shelter  protection  so 
afforded  is,  in  fact.  Independent  of  the  yield  of  the  individual 
weapons  employed,  or  whether  or  not  targeting  (for  blast  kill) 
is  done  on  the  basis  of  an  alrburst  or  surfaceburst.  For 


suppose  the  lethal  radius  of  a  single  weapon  corresponds  to  X 
psi,  and  that  a  shelter  Is  built  to  withstand  Z  psl.  Then  if 
is  the  lethal  radius  of  a  1-MT  weapon,  the  lethal  area  of  a 
Y-MT  weapon  will  be  i^R^Y1^)2.  If  RZ1  is  the  distance  to 
which  an  overpressure  of  Z  psi  is  experienced  from  a  1-MT 
weapon,  then  ^R^Y1^)2  will  be  the  area  over  which  this 
overpressure  is  experienced  from  a  Y-MT  bomb.  Thus  the  protec¬ 
tion  offered  by  the  shelter  capable  of  withstanding  Z  psl,  and 
located  at  random  within  the  targeted  area  will  be  given  by  the 
ratio 


1  (beii1/3) 


© 


and  this  holds'  for  both  alrbursts  or  surfacebursts.  Assuming, 
as  before,  that  R^  corresponds  to  5  psi,  one  can  then  plot 
potential  survival  probability  in  a  Z  psi  shelter  provided  that 
targeting  is  done  to  achieve  maximum  population  kill  against  an 
unsheltered  population.  Such  a  curve  Is  shown  In  Figure  10. 

The  value  of  achieving  shelter  protection  in  the  range  of  20-30 
psl  is  Immediately  apparent. 
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SKOra  HARNESS  (jb.) 


FIGURE  10.  Wtrcsn?  Mortality  in  a  Tcrpsted  A  mo,  Assuming  Tcrgeting  O^imixed  to 
Cover  tfw  Maximum  hksvjbsr  of  forsom  widi  an  Overprowiri  of  5  pai 

Finally,  It  may  be  noted  that  the  targeting  model  herein 
proposed  can  still  be  applied  If  the  population  of  certain 
densely  settled  areas  Is  sheltered  to  any  specified  level  of 
blast  protection  provided  the  density  of  population  In  the 

i 

sheltered  areas  Is  first  assumed  to  be  reduced  by  the  same 
ratio  as  plotted  In  Figure  10.  This  means,  for  example,  that 
the  effect  of  a  30  pal  shelter,  from  the  point  of  view  of  an 
enemy  targeteer  trying  to  optimize  fatalities  in  an  unsheltered 
population.  Is  to  reduce  the  density  of  population  In  a 
specific  area  by  a  factor  of  10.  This  would  suggest  that  for  a 
given  level  of  attack,  some  persons  who  would  not  be  targeted 
In  an  unsheltered  population  would  then  become  logical  targets 
Aor  direct  attack.  The  total  national  casualties  would  decrease, 
however,  depending  (lr.  a  complex  way)  on  how  many  persons  in 
what  areas  were  sheltered,  and  to  what  level  of  protection. 


T&b Iff  3.  POPULATION  OP  THE  UNITED  STATES  AND  OUTLYING 

AREAS:  I960  and  1950 
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D.  THE  POPULATION  OP  THE  UNITED  STATES 


Th«  utility  of  the  targeting  model  described  —  or  that  of 
any  other  model  —  depends  in  part  on  the  distribution  of  the 
population  of  the  United  States  over  the  land  area  of  the  United 
States.  The  principal  characteristics  of  this  population  dis¬ 
tribution,  as  abstracted  from  references,*  are  here  summarized. 
The  data  and  conclusions  given  are  all  based  on  the  I960  census. 
Thff  principal  factor  to  keep  in  mind  when  projecting  these  fig¬ 
ures  Into  the  future  are  that  the  U.S.  population  is  not  only 
growing,  but,  as  described  below,  is  becoming  relatively  more 
concentrated. 


On  April  1,  I960,  the  population  of  the  48  conterminous 
states,  with  total  land  area  of  about  3  million  square  miles, 
was  178,  464,  236  (see  Table  3)»  By  1970  it  is  estimated  that 


LU.S.  Department  of  Commerce,  Bureau  of  the  Census,  I960  Census. 
Vol.  I.  Characteristics  of  the  elation,  U.S.  Government 
Printing  Office,  Washington,  D.  C.,  19&1. 

OCD-OEP  National  Location  Code,  prepared  by  the  Bureau  of  the 
Cffnsus  for  the  Office  of  Civil  Defense,  Department  of  Defense, 
and  the  National  Resource  Evaluation  Center,  Office  of  Emer¬ 
gency  Planning,  1962  (in  8  volumes).  Unclassified. 

Bureau  of  the  Budget,  Executive  Office  of  the  President, 
Standard  Metropolitan  Statistical  Areas.  1964. 
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the  mm  48  states  will  have  increased  in  population  to  about 
210  Billion  persons  (an  Increase  of  about  32  million  persons, 
or  almost  18  percent).  Whereas  in  I960  almost  70  percent  of 
the  population  lived  In  urbanized  areas,  by  1970  it  is  esti¬ 
mated  that  this  figure  will  Increase  to  about  80  percent. 

In  I960,  the  urban  population  was  concentrated  in  slightly 
sore  than  1  percent  of  the  land  area  of  the  country  (Table  4). 
The  population  of  urbanized  areas,  something  more  than  one-half 
of  the  total,  occupied  less  than  1  percent  of  the  total  land 
area.  Among  urban  places,  the  number  of  inhabitants  per  square 
Bile  decreased  as  size  of  place  decreased.  For  places  of 
1,000,000  inhabitants  or  more,  the  average  density  was  13,865 
persons  per  square  mile;  for  places  between  100,000  and 
1,000,000,  average  densities  ranged  between  4,000  and  6,000  per 
square  Bile,  and  the  average  density  for  places  of  2,500  to 
5,000  was  1,446.  In  urban- fringe  areas  outside  urban  places, 
the  average  density  was  1,781  per  square  mile,  and  in  rural 
territory  the  density  was  15.  The  average  population  density  for 
the  48  conterminous  states  was  about  60  persons/square  mile. 


"Urban  and  rural  residence.— According  to  the  definition 
adopted  for  use  in  the  i960  Census,  the  urban  population  com¬ 
prises  all  persons  living  in  (a)  pieces  of  2,500  inhabitants 
or  Bore  incorporated  as  cities,  boroughs,  villages,  and  towns 
(except  towns  in  New  England,  New  York,  and  Wisconsin);  (b) 
the  densely  settled  urban  fringe,  whether  incorporated  or  unin¬ 
corporated,  of  urbanized  areas;  (c)  towns  in  New  England  and 
townships  in  New  Jersey  and  Pennsylvania  which  contain  no 
incorporated  municipalities  as  subdivisions  and  have  either 
25,000  inhabitants  or  more  or  a  population  of  2,500  to  25,000 
and  a  density  of  1,500  persona  or  more  per  square  mile;  (d) 
counties  in  States  other  than  the  New  England  States,  New 
Jersey,  and  Pennsylvania  that  have  no  incorporated  municipal¬ 
ities  within  their  boundaries  and  have  a  density  of  1,500 
persons  per  square  mile;  and  (e)  unincorporated  places  of  2,500 
inhabitants  or  more.  In  other  words,  the  urban  population  com¬ 
prises  all  persons  living  in  urbanized  areas  and  in  places  of 
2,500  inhabitants  or  more  outside  urbanized  areas.  The  popula¬ 
tion  not  classified  as  urban  constitutes  the  rural  population." 


|60  Census.  Vol.  I.  op.  cit 


27 


ble  H.  POPULATION  AND  DENSITY 
QRODPS  OP  PLACES  CLASSIFIED 
ACCORDING  TO  SIZE:  i960 


The  distribution  of  the 
I960  U.S.  population  is  shown  in 
Figure  11.  A  tabulation  of  U.S. 
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urbanised  areas,  ranked  according 
to  population,  is  shown  in  Table 
5.  Detailed  statistics  on  the 
land  areas,  population,  and  pop¬ 
ulation  densities  of  the  central 
city  and  urban  fringes  of  the 
213  urbanized  areas  shown  in 
Table  5  are  presented  in  Appendix 
A.  A  summary  of  these  statistics 
is  presented  in  the  graphs  of 
Figures  9  and  12. 

The  U.S.  population  data 
summarized  above  are  not  very 
satisfactory  inputs  to  the  tar¬ 
geting  model  described  in  this 
paper.  One  is  really  interested 
in  the  population  densities 
which  will  pertain  in  1970, 
rather  than  those  which  existed 
in  I960.  Further,  the  definition 
of  urbanized  areas,  and  the  scale 
on  which  densities  were  computed, 
were  not  devised  for  the  purpose 
for  which  they  have  been  used 
here.  A  treatment  of  U.S.  census 
statistics  more  directly  oriented 
to  the  needs  of  civil  defense  is 


given  in  0CD-0EP  National  Loca- 


on  Code,  but  as  yet  without  the  presentation  of  land  areas  and 
pulatlon  densities  in  the  central  city  and  the  urban  fringe. 
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flblA  5.  RAH X  0?  U.S.  URBANIZED  AREAS  ACCORDINQ  TO  THE 

!  I960  CENSUS 
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FIGURE  12.  Estimate  of  the  Population  of  tha  United  States  fcr  Which  the  Population 

Density  is  t  D  Prions/ nu  (I960  Census) 


E.  THE  TARGETING  MODEL  APPLIED  TO  A  SPECIPIC  URBAN  AREA 


The  I960  population,  land  area,  and  population  density  of 
the  Washington  (D.C.,  Md.,  Va.)  urbanised  area  are  listed  in 
Appendix  A  as  follows: 

Density  of 
Land  Area  Population. 

Urbanised  Area  Population  (Ml. 2)  (Persons/mi.  ) 


Washington  (D.C., 

Hd.,  Va.)  1,808, *23 

Washington  763,956 

Urban  fringe  1,0**, *67 


3*0 .0 
61.* 
279-3 


5,308 
12, **2 
3,7*0 


Further  details  on  the  character  of  this  area  as  a  population 
target  are  provided  by  the  map  of  Figure  13,  the  population  data 
of  Table  6,  and  by  an  estimate  of  the  amount  of  this  urbanized 
area  for  which  the  population  density  exceeds  any  given  amount 
(Figure  It). 
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FIGW£  13.  Washington  (D.C.,  Md.,  Vo.)  Urbonirod  Amo,  I960  Conus 
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T«bl«  6.  POPULATION  STATISTICS  PGR  THE  WASHINGTON 
(D.C.,  HD.,  VA.)  URBANIZED  AREA,  I960  CENSUS 
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FIGURE  14.  Bimaid  Atm  of  the  Washington  (DC,  Md.,  Vo.)  Urbanized  Area  for 
Which  the  tabulation  Deralty  Exceeds  eny  Given  Density 

Tbm  total  lethal  areas(at  the  5  psi  level)  of  illustrative 
Attack  Levels  1,  2  and  3  were  summarized  in  Table  2.  These 
areas  may  be  translated  into  the  minimum  population  density  to 
be  targeted  throughout  the  whole  United  States  through  the 
curve  of  Figure  9»  and  thence  into  the  area  within  the 
Washington,  D.  C.  urbanized  area  to  be  targeted  through  the 
curve  of  Figure  14.  The  results,  together  with  the. number  of 
1-m  alrtursts  or  aurfacebursts  allocated  to  the  Washington  area 
for  each  attack  level,  assuming  all  weapons  had  a  yield  of  1  MT, 
and  all  were  either  alrburst  or  surfaceburst,  are  presented  in 
Table  7. 

Table  7  shows  that  for  the  three  illustrative  attack  levels 
of  Table  2,  a  minimum  of  one-fourth,  and  a  maximum  of  all  the 
Washington  urbanized  area  —  always  including  all  of  the  District 
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of  Columbia  —  night  reasonably 
be  considered  subjected  to  a 
blast  overpressure  of  at  least 
5  psl  (and  therefore  to  a  thermal 
pulse  of  50  cal/cm2).  The  total 
number  of  1-HT  weapons  allocated 
to  this  area  is  seen  to  lie  be¬ 
tween  3  and  12,  depending  on  t^e 
level  of  the  attack  and  whether 
or  not  targeting  was  done  on  the 
basis  of  alrburata  or  surface- 
bursts.  The  actual  ground  zero, 
for  any  given  type  and  level  of 
attack,  could  be  selected  In  a 
variety  of  ways  and  still  subject 
approximately  the  same  number  of 
persons  to  5  psl. 

It  would  be  possible  to  be 
more  precise  as  to  the  most  de¬ 
sirable  ground  zeros  provided  there  were  population  density 
contour  maps  of  the  Washington  urbanized  area  In  which  the 
density  at  any  given  point  Is  defined  as  the  number  of  persons 
included  within  a  weapon’s  lethal  area  centered  on  that  point. 

Use  of  the  lethal  area  as  the  unit  of  area  for  density  computa¬ 
tional  purposes  would  smooth  out  the  substantial  density 
variations  between  nearby  communities  when  a  square  mile  is  the 
unit  area.  This  means  that  there  would  be  different  population 
density  contours  for  weapons  of  different  yield,  and  for  weapons 
of  the  tame  ylelw,  depending  on  whether  or  not  they  were  air- 
burst  or  surfaceburst . 

From  the  estimate  of  area  to  be  targeted  shown  In  Table  7 
and  the  lethal  areas  of  the  8-  and  64-KT  weapons  shown  in  Table 
1,  it  could  be  concluded  that  from  1  to  3  8-MT  weapons,  or  (for 
Attack  Level  3)  even  a  single  (surfaceburst)  64-HT  weapon  would 


Table  7.  WEAPONS  ALLOCATION 
TO  THE  WASHINGTON  URBANIZED 
AREA  FOR  ATTACKS  WITH 
1-KT  WEAPONS 
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not  ba  an  unreasonable  assignment  of  megatonage  to  the  Washing¬ 
ton  urbanised  area.  It  also  follows  that  a  combination  of  1- 
ead  8-HT  weapons  (with  combined  lethal  area  equal  to  the  area  of 
the  density  of  population  to  be  targeted)  or  a  combination  of 
alrbursts  and  surfacebursts  could  reasonably  be  Included  In  a 
potential  enemy's  targeting  for  this  area.  Heedless  to  say, 
under  the  assumption  of  an  attack  on  populations,  these  weapons 
could  be  scheduled  to  arrive  In  many  different  ways,  from  many 
different  sources,  and  at  varied  Intervals  after  the  commence¬ 
ment  of  hostilities.  Under  the  conditions  of  war,  all,  or  none, 
or  some  fraction  of  those  scheduled  to  be  delivered  might  In 
fact  be  delivered,  and  those  that  arrived  might  or  might  not 
arrive  with  sufficient  warning  for  the  Immediate  population 
affected  to  take  shelter. 

The  most  lmpbrtant  result  of  the  analysis  from  the  point  of 
view  of  shelter  design  considerations  Is  that  an  attack  on  popu¬ 
lation  does  not  necessarily  result  In  a  single  bomb  being 
targeted  at  the  center  of  each  metropolitan  area  with  total  pop¬ 
ulation  exceeding  some  given  number  of  persons.  Some  cities  may 

#  _ 

receive  no  bombs  st  all,  and  others  may  receive  a  great  many. 

For  example,  for  a  surfaceburst  attack  on  populations  with  300 
1-ftT  bombs,  approximately  half  the  213  urbanised  areas  listed  In 
Table  5  would  be  allocated  no  weapons  at  all,  whereas  Los  Angeles 
would  be  targeted  with  about  21.  These  assignments  would  change 
as  the  attack  level  and  weapon  yield  are  varied.  But  the  threat 
to  urban  populations  —  which  by  1970  will  Include  80  percent  of 
the  U.3.  population  —  la  much  greater  than  that  to  rural  popu¬ 
lation,  and  for.  some  urban  concentrations  —  notably  the  larger 
ones  —  it  la  much  greater  than  others.  For  the  Washington 
(D.C.,  Md. ,  Va.)  urbanised  area,  viewed  as  a  population  target, 
the  effectiveness  of  fallout  shelters  Is  an  attack  designed  to 
maximise  population  fatalities  would  likely  depend  on  their 
ability  —  and  that  of  the  people  In  them  —  to  withstand  blast 
In  the  range  of  5  to  30  psl  (see  Plgure  10)  and  the  associated 
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thermal  effects  as  well  as  subsequent  fallout.  This  does  not 
necessarily  mean,  all  things  considered,  that  It  Is  not  worth* 
while  to  locate  and  provision  fallout  shelters  In  large  urban 
areas.  A  full  and  excellent  discussion  of  the  benefits  and 
limitations  of  such  a  program  has  been  recently  given  by 
Secretary  McNamara,^  and  is  reproduced  in  its  entirety  In 
Appendix  B.  The  present  treatment  Illustrates  some  of  the 
implications  of  the  Secret ary’.i  remarks  when  considered  from 
the  differing  point  of  view  of  persons  in  the  213  largest 
urbanized  areas  of  the  United  States  listed  in  Table  5. 


^Hearings  on  the  Department  of  Defense  Appropriations  for 
FT  1964,  U.S.  House  of  Representatives,  Part  I,  Page  110 
(Secretary  McNamara’s  statement  given  on  Pebruary  7,  1963) 
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MIT  II.  THE  INTENSITY  AND  DISTRIBUTION  OF  INITIAL 
ANO  RESIDUAL  RADIATION 

A.  OESSRAL  CONSIDERATIONS 

In  contrast  to  the  blast  and  thernal  effects  of  nuclear 
weapons,  the  Initial  gamma  rays  and  neutrons  from  a  nuclear 
burst,  and  the  delayed  gamma  and  beta  rays  from  fallout  are  a 
threat  to  biological  systems,  but  not  to  structures.  The 
hasard  is  complex  and  subtle  in  that  the  potentially  harmful 
radiations  are  not  sensed  by  the  body  and  the  many  different 
biological  effects  are  delayed  in  time  from  an  hour  or  so  to 
■any  years  following  exposure.  The  individual  fallout 
particles,  which  contain  the  radioactive  byproducts  of  the 
fission  and  fusion  processes  Imbedded  In  or  on  a  mass  of  inert 
materials,  cover  a  wide  range  in  size.  Some  are  as  big  as 
grains  of  sand,  others  as  small  as  particles  of  dust.  In  highly 
contaminated  areas,  the  total  bulk  of  fallout  material  deposited 
from  a  surfaceburst  would  be  clearly  visible  in  daylight  as  long 
as  meteorological  conditions  permit  the  particles  to  settle  and 
be  retained  on  foliage  or  on  smooth  surfaces.  It  is  very  diffi¬ 
cult  to  predict  when  the  fallout  will  come  to  earth,  but  it  is 
known  that  potentially  lethal  concentrations  of  radioactivity 
can  be  deposited  hundreds  of  miles  from  the  point  of  detonation, 
and  that  it  can  cover  an  area  an  order  of  magnitude  greater  than 
the  area  where  fatalities  are  produced  by  blast.  The  hazard 
persists  in  time.  Although  the  immediate  and  greatest  danger  is 
from  (X-ray  like)  radiations  xrom  the  fallout  particles, 

these  particles  also  emit  beta  rays  (electrons)  which  can  cause 
bums  if  fresh  fallout  comes  in  contact  with  the  skin  and  is  not 
pre^tly  washed  off.  There  are  several  short-  and  long-lived 
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radionuclides  among  the  fission  products  —  notably  1-131  (half- 
life  8  days),  Sr  90  (half-life  28  years),  and  Cs-137  (half-life 
30  years)  —  which  can  produce  an  internal  hazard  via  the  food 
chain. 

The  type  and  amount  of  radioactive  material  which  may  be 
deposited  In  an  area  where  shelters  are  to  be  constructed 
affects  shelter  design  directly  by  indicating  the  amount  of 
shielding  necessary  to  hold  radiation  exposure  of  the  shelter 
occupants  to  within  specified  limits,  and  indirectly  by  In¬ 
fluencing  the  length  of  time  the  shelter  must  be  occupied,  con¬ 
tinuously  or  partially,  to  hold  dose  levels  within  specified 
limits.  Shelter  stay  times  are  also  affected  by  fallout  levels 
in  other  than  the  immediate  area  of  the  shelter,  and  by  the 
level  of  radiation  exposure  which  is  to  be  permitted  over 
various  intervals  of  time.  In  fact,  almost  every  way  in  which 
fallout  affects  civil  defense  activities  outside  the  shelter 
has  an  Influence  on  shelter  stay  times,  and  thus  on  the  space 
requirements  within  the  shelter  for  food,  supplies,  and 
equipment . 

In  developing  estimates  as  to  the  levels  of  blast,  thermal 
pulse,  and  initial  nuclear  radiation  that  might  reasonably  be 
anticipated  at  specific  locations  in  the  United  States  in  the 
event  some  fraction  of  a  nuclear  attack  on  this  country  were 
targeted  in  such  a  way  as  to  maximize  population  fatalities, 
the  principal  variables  are  the  numbers  and  yields  of  the 
weapons  employed,  whether  they  are  assumed  to  be  burst  In  the 
air  or  on  the  surface,  and  the  targeting  criteria. 

Comparable  estimates  of  the  external  gamma  doses  and  dose 
rates  from  the  fallout  involve  additional  important  uncertainties 

•  The  speed  and  direction  of  the  wind  at  all  altitudes  up  to 
the  top  of  the  mushroom  cloud,  and  at  all  locations  through¬ 
out  the  United  States, 

•  Precipitation  patterns  throughout  the  Urited  States, 

•  The  level  and  distribution  of  attack  on  military  targets. 
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•  The  fraction  of  the  total  yield  of  each  weapon  due  to 
fission, 

•A  aethod  of  estimating  the  distribution  and  deposition 
times  of  the  radioactivities  from  a  single  surfaceburst , 
when  all  the  factors  listed  above  are  specified  precisely. 

Large  uncertainties  and  variations  in  estimates  of  fallout 
doses  and  dose  rates  at  specific  locations  are  Introduced  by 
each  of  these  factors.  In  addition  to  the  uncertainties  present 
in  estimates  of  the  distribution  and  Intensity  of  the  Immediate 

effects. 

E,  RADIATIOH  DOSS  PNITS1 

The  effect  of  nuclear  radiations  on  a  biological  system  Is 
expressed  In  terms  of  an  "absorbed  dose".  The  rad  Is  defined 
as  the  absorbed  dose  of  any  nuclear  radiation  which  Is 
accompanied  by  the  liberation  of  100  ergs  of  energy  per  gram  of 
absorbing  material.  Although  all  Ionizing  radiation  (gamma 
rays,  X  rays,  beta  rays,  neutrons,  protons,  alpha  particles, 
etc.)  are  capable  of  producing  similar  biological  effects,  the 
absorbed  dose  measured  In  rads  wh j  ch  will  produce  a  certain 
biological  effect  say  vary  appreciably  from  one  type  of  radia¬ 
tion  to  another.  This  difference  In  behavior  is  expressed  by 
means  of  the  "relative  biological  effectiveness"  (RBE)  of  a 
particular  nuclear  radiation.  The  R££  is  defined  as  the  ratio 
of  the  absorbed  dose  in  rads  of  gamma  radiation  to  the  absorted 
dose  in  rads  of  the  given  radiation  having  the  same  biological 
effect. 

The  value  of  the  RBE  for  a  particular  type  of  nuclear  radi¬ 
ation  depends  on  several  factors.  Including  the  energy  of  the 
radiation,  the  kind  and  degree  of  biological  damage,  and  the 
nature  of  the  organism  or  tissue  under  consideration. 
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The  rem  is  defined  as  (dose  In  rads)  x  (RBE) . 

The  roentgen  is  a  measure  of  radiation  exposure  dose  from 
aa  or  X  ray3  (at  opposed  to  absorbed  dose),  and  is  defined 
:he  quantity  of  X  or  gamma  radiation  such  that  the  associated 
muscular  emission  per  0.C01293  grams  of  air  produces,  in  air, 
i  carrying  one  electrostatic  unit  of  electricity-  (The  mass 
me  cm3  of  dry  atmospheric  air  is  0.001293  grams  at  0°C  and 
mm  of  mercury  pressure.) 

The  RBE  for  gamma  rays  is  approximately  unity,  by  defini- 
1,  although  it  varies  somewhat  with  the  energy  of  the 
latlon.  Because  one  roentgen  exposure  dose  gives  rise  to 
it  one  rad  absorbed  dose  in  tissue  for  photons  of  inter- 
Late  energy  (0.3  to  3  mev),  the  absorbed  dose  for  gamma  (or 
rays  is  often  stated,  somewhat  loosely,  in  roentgens. 

The  RBE  for  beta  particles  is  close  to  unity.  The  RBE  for 
ia  particles  from  radioactive  sources  has  been  variously  re- 
ied  to  be  from  10  to  20,  but  this  may  be  too  large.  For 
Lear  weapon  neutrons,  the  RBE  for  acute  radiation  injury  is 
taken  as  one,  but  it  is  appreciably  larger  where  the  bic- 
Leal  effect  considered  is  the  formation  of  opacities  of  the 
)  of  the  eye  (cataracts). 

SQPIVALENT  RESIDUAL  DOSE  (BIOLOGICALLY  EFFECTIVE  DOSE) 

Human  exposure  to  fallout  radiations  can  lead  to  different 
ss  of  biological  damage; 

a.  Sickness  or  death  within  2  hours  to  6  months,  depending 
on  the  total  dose  delivered  and  the  dose  rate  and  time 
Interval  over  w._ich  it  is  delivered, 

b.  Shortening  of  life  and  the  development  of  various  kind* 
of  malignant  neoplasms  from  1  to  20  .vears  following 
exposure, 

c.  Changes  In  the  genetic  material  of  the  individual  ex¬ 
posed  which  may  result  in  the  genetic  death  of  a  future 
descendant  —  perhaps  many  generations  later  —  and/or  in 
some  degree  of  physical  disability  to  several  descendants. 


Damages  of  Types  b  and  c  are  probably  also  dependent  on  the 
dote  rate  and  the  tine  Interval  over  which  the  dose  is  delivered, 
but  to  a  lesser  extent  than  the  type  of  Injury  listed  under  a. 

The  notion  of  biological  dcae  or  equivalent  residual  dose 
(KHD)  is  an  attempt  to  equate  the  clinical  manifestations  of 
radiation  Injury  of  Type  a  resulting  from  a  protracted  dose 
(i.e.,  a  dose  delivered  over  a  period  greater  than  about  four 
days)  with  a  brief  dose  (a  dose  delivered  over  a  period  less 
than  four  days).  The  assumptions  made  for  computing  the  equiva¬ 
lent  residual  dose  may  be  described  as  follows.  Any  radiation 
dose  nay  be  considered  as  consisting  of  two  parts,  a  reparable 

,  Dp.  The  irre¬ 
parable  dose.  Dp,  consists  of  10  percent  of  the  total  dose. 

The  reparable  dose,  DR,  is  constantly  being  repaired  by  the  body 
at  a  rate  of  about  2-1/2  percent  per  day.  Thus  if  r(t)  is 
the  dose  rate  In  roentgens/hour, 

d  Dp 

*  0#1 

d  Dn 

«  0.9  r(t)  -  0.0010*  Dr 

At  any  time  after  irradiation  stops,  the  dosage  which  has 
been  accumulated  over  a  period  of  time  is  assumed  to  correspond, 
in  it*  clinical  nanifes tat ions,  to  a  brief  dose  •  Df  ♦  Dj. 

The  implications  of  this  concept  is  that  one-tenth  of  any 
dose  accumulated  is  permanent  as  regards  damage  of  Type  a 
above,  and  that  the  effect  of  the  remaining  nine-tenths  of  the 
accumulated  dose  is  constantly  being  repaired  in  such  a  way  that 
any  time  irradiation  stops,  only  one-half  of  the  reparable  dose 
D|g  will  remain  after  30  days. 

The  decay  rate  from  a  given  amount  of  fallout  deposited  on 
the  ground  is  such  that  the  equivalent  residual  dose  accumulated 
at  a  point  three  feet  above  the  ground  from  one  hour  following 


dose,  Dg,  and  an  Irreparable  (permanent)  dose 
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etonatlon  reaches  a  maximum  at  about  four  days  following  de- 
onation  and  this  maximum  is  approximately  equal  to  the  four-day 
otal  dose.  If  the  equivalent  residual  dose  is  computed 
tartlng  six  hours  after  detonation,  it  reaches  a  maximum  at 
bout  one  week  following  detonation,  and  this  maximum  is  approx- 
mately  equal  to  the  total  dose  accumulated  from  six  hours  to 
ne  week.  Since  the  total  dose  from  six  hours  to  four  days  is 
bout  90  percent  of  the  total  dose  from  six  hours  to  one  week, 
nd  an  even  larger  fraction  of  the  one-week  dose  is  accumulated 
rom  one  hour  to  four  days  the  maximum  biological  dose  from  any 
allout  deposited  between  one  and  six  hours  (or  thereabouts) 
ill  be  approximately  equal  to  the  total  dose  accumulated  during 
he  first  week. 

The  clinical  features  of  radiation  injury  of  Type  a 
esultlng  from  various  levels  of  brief  or  equivalent  residual 
oses  are  described  in  Appendix  C. 

.  INITIAL  NUCLEAR  RADIATION 


The  initial  nuclear  radiation  from  a  weapon  burst  is  de- 
Ined  as  that  emitted  by  a  weapon  burst  and  its  radioactive  by- 
roducts  within  one  minute  from  the  Instant  of  detonation.  As 
civil  defense  hazard,  it  consists  of  high-energy  gamma  photons 
nd  neutrons.  For  a  20-KT  device,  about  80  percent  of  the  total 
amma  dose  received  is  delivered  within  three  seconds.  For  a 
-KT  device,  80  percent  is  delivered  in  about  eight  seconds, 
he  neutrons  are  released  essentially  Instantaneously. 

An  estimate  of  the  relative 
contribution  to  the  total  dose 
(in  rads  or  rests)  from  the  ini¬ 
tial  gamma  photons  and  neutrons 
is  shown  in,  Table  8. 

An  important  feature  of  the 
initial  gamma  radiation  as 
opposed  to  the  residual  gasaaa 


Table  8.  INITIAL  DOSE  VERSUS 
DISTANCE  -  1  KTa 
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radiation  is  the  greater  penetrability  of  the  initial  nuclear 
radiation.  The  tenth-value  thickness  of  earth  for  initial  gamma 
radiation  is  about  2 6  inches,  whereas  it  is  only  12  Inches  for 
the  residual  gamma  radiation.  The  overall  radiation  reduction 
(protection)  factor  for  a  given  thickness  of  earth  for  each  of 
these  two  types  of  radiation  is  shown  in  Figure  15. 

Figure  16  shows  the  initial  nuclear  radiation  and  over¬ 
pressure  as  a  function  of  range  and  yield  for  a  surfaceburst 
According  to  Figure  16,  the  initial  nuclear  radiation  from  a 

1-ffT  surfaceburst  is  less  than  one  rem  whenever  the  overpressure 

*  S.  j' 

is  less  than  5  pal.  However  an  overpressure  (of  30  psl  (the 
approximate  radius  of  the  fireball)  corresponds  to  an  initial 
dose  of  10*  rem,  and  an  overpressure  of  100  psl  to  an  initial 
dose  of  about  2.6  x  10  ^  rem,  for  a  1-HT  burst. 

These  estimates  are  qualified  in  the  Effects  of  Nuclear 

Weapons  as  follows  (par.  8.27): 

"The  data  are  based  on  the  assumption  that  the  average 
density  of  the  air  in  the  transmission  path,  between  the 
burst  point  and  the  target,  is  0.9  of  the  normal  sea  level 
density.  Because  of  variations  in  weapons  design  and  the 
different  characteristics  of  the  gamma  rays  associated 
with  fission  and  fusion,  as  well  as  for  other  reasons  (par. 
8.85)  the  gamma  ray  doses  calculated  from  Figs.  8.27  a  and 
b  cannot  be  exact.  For  yields  from  about  1  to  100  kilo- 
tons  TNT  equivalent,  they  are  reliable  within  a  factor  of 
two  or  so;  from  100  kllotons  to  1  megaton,  within  a  factor 
of  5i  and  above  1  megaton,  within  a  factor  of  about  10." 

The  data  of  Figures  15  and  16  illustrate  an  important  con¬ 
sideration  for  the  design  of  blast  shelters  in  the  30  to  100  psi 
range;  namely,  that  protection  against  blast  and  residual  radi¬ 
ation  does  not  automatically  guarantee  protection  against  initial 
radiation.  Suppose,  for  example,  a  30  psl  shelter  has  a  PF  of 
1000  against  residual  radiation  —  l.e.,  the  protection  equiva¬ 
lent  to  about  36  inches  of  earth.  The  same  thickness  of  earth 


1Fro*a  Fig.  2.16,  discussion  p.  46,  USAEC  CEX-62.2  Nuclear  Bomb 
Effects  Computer.  Fletcher  et  al,  February  1963. 
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RADIATION  PROTECTION  FACTOR 


WO.  000 


FIGURE  15.  Radiation  Protection  Factor  Vs.  Earth  Thickness  for  Initial  and  Residual 

Goasn  Radiation 

MMM 
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FIGURE  16.  Initial  Nuclear  Mediation  and  Ovarpreaure  as  A  Function  of  Kongs  end 

Yeild  for  Surfoca  Bursts 


would  give  a  protection  factor  of  about  25  from  the  initial 
radiation.  A  protection  factor  of  25 ,  applied  against  a  dose  of 
10*  rem  at  the  30  psl  blast  level,  would  result  in  a  total  In- 
shelter  dose  of  *00  rem.  Similarly  a  100  psl  blast  shelter  with 
t  FF  of  10,000  (*8M  earth)  against  residual  radiation  gammas 
might  offer  a  PF  of  only  70  against  the  Initial  gammas.  Since 
100  psl  corresponds  to  2.6  x  10^  rem  for  a  1-MT  surfaceburst 
(Figure  16),  there  Is  a  possibility  at  the  100  psl  level  of  an 
In-shelter  dose  of  about  3700  rem.  These  estimates  are  very 
rough  because  no  consideration  has  been  given  to  the  different 
geometrical  relationships  between  the  radiation  source  and  the 
shielding  material  In  the  two  cases,  and  because  of  the  large 


*7 


uncertainties  in  the  initial  radiation  dose  level  noted  above, 
'urther,  they  are  based  on  a  1-MT  surfaeeburst .  They  do  illus- 
;rate,  however,  the  necessity  to  take  initial  radiation  into 
iccount  when  designing  blast  shelters  in  the  30  to  100  psi 
•ange,  and  the  very  large  amount  of  shielding  that  may  be  re¬ 
tired  to  protect  against  initial  nuclear  radiation  at  these 
.evels  of  blast. 

;.  RESIDUAL  NUCLEAR  RADIATION 

Residual  nuclear  radiation  is  defined  as  that  radiation 
mitted  from  the  radioactive  byproducts  of  a  nuclear  explosion 
.ater  than  one  minute  from  the  instant  of  the  explosion.  The 
sources  and  characteristics  of  this  radiation  vary  with  the  per- 
entage  contribution  of  fission  and  fusion  to  the  energy  release 
if  the  weapon.  Those  radioactivities  induced  by  neutron  capture 
n  earth  and  bomb  materials  are  of  immediate  interest  only  in 
reapons  whose  fission  fraction  Is  less  than  about  10  percent.* 
itherwise,  as  shown  later,  the  gamma  radiation  they  emit  is 
iomlnated  by  that  from  the  fission  products. 

When  uranium  (or  plutonium)  undergoes  fission,  about  one- 
enth  of  1  percent  of  the  mass  of  the  fissioning  atoms  Is  conc¬ 
erted,  to  energy.  The  rest  Is  accounted  for  by  over  200 
Afferent  Isotopes  of  3 6  different  elements.  Each  fissioning 
ranlum  atom  gives  rise  to  a  pair  of  fission  products  whose  mass 
s  almost  that  of  the  unsplit  atom.  For  each  kiloton  of  energy 


For  some  weapons,  neptunium  239  (half-life  2.3  days,  average 
gamma  photon  energy  »  0.27  mev)  say  be  created  in  such 
quantity  as  to  constitute  a  significant  hazard  in  addition  to 
the  fission  products.  See  Table  10. 
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FIGURE  17.  Tiims  of  Foil  of  foiticlos  of  Different  Sizes  from  Various  Altitudes  end 
Itorcsnfages  of  Total  Activity  Carried  (Reproduced  from  **1111  Effects 

of  Nuclear  Wecpcra" 

r« leased,  56  grams  of  uranium  •  1.45  x  10  J  uranium  atoms  are 
fissioned. 

When  a  nuclear  weapon  Is  burst  In  the  air,  the  mass  of  the 
fallout  particles  consists  of  the  weapon  casing  and  the  fission 
fragments.  The  particle  diameters  lie  largely  In  the  range  of  2 
to  12  microns ,  and  most  of  the  particles  take  weeks  or  months  to 
reach  the  earth.  Under  these  circumstances  most  of  the  radio¬ 
activities  which  give  rise  to  an  external  gamma  radiation  hazard 
decay  harmlessly  in  the  air.  However,  long-lived  Internal 

Ty  definitions,  1  kiloton  is  1012  calories  -  4.2  x  lO1^  ergs 

-  1.15  x  106  kilowatt 
hours 

•  2.64  x  1025  mev 
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FIGURE  18.  Approximate  Nuclear  Cloud  Dimensions 


•aitters  (strontium  90,  half-life  28  years;  cesium  137,  h  lf- 
lifc  30  years),  if  deposited  in  sufficient  concentrations,  can 
still  present  an  internal  hazard  via  the  food  chain. 

The  approximate  distribution  of  the  radioactive  material 
from  a  surfaceburst  on  particles  of  different  sizes  and  the  time 
required  for  these  particles  to  fall  from  different  altitudes  are 
shown  oii  Figure  17.  The  approximate  height  and  radius  of  the 
top  of  the  mushroom  cloud  into  which  the  fallout  particles  are 
lifted  by  rising  air  currents  before  being  scattered  by  the 
winds  are  shown  in  Figure  18. 

Many  different  mathematical  models  of  varying  degrees  of 
complexity  have  been  developed  to  predict  when  and  where  the 

I 
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particles  of  different  sizes  will  be  redeposited  on  the  earth. 

It  Is  evident  that  the  answer  oust  depend  on  the  speed  and 
direction  of  the  winds,  or  more  exactly,  on  the  speeds  and  di¬ 
rections  of  the  wind  at  different  altitudes  and  different 
locations  of  the  fallout  pattern.  The  results  of  the  various 
nodels  differ  widely,*  and  no  one  is  sure  which  model  is  more 
correct  or  whether  or  not  any  of  them  are  sufficiently  accurate 
to  give  a  reliable  estimate  of  what  doses  and  dose  rates  will 
actually  be  experienced  at  various  locati' ns  on  the  ground  at 
various  times  following  a  nuclear  detonation. 

An  Illustration  of  the  difference  between  a  predicted  and 
an  actual  fallout  pattern  Is  shown  In  Figure  19. 

In  spite  of  the  great  difference  possible  between  pre¬ 
dicted  and  actual  fallout  patterns,  it  Is  assumed  that  Idealized 
patterns  are  useful  as  an  Indication  of  the  shapes  and  levels  of 
fallout  deposition  patterns  which  could  reasonably  be  antici¬ 
pated  as  a  result  of  surfacebursts  of  different  yields,  under 
different  conditions  of  wind.  It  should  be  noted  that  currently 
available  fallout  models  assume  that  no  precipitation  or 
Irregular  wind  conditions  occur  In  the  area  where  the  fallout 
particles  are  deposited. 


r. 

DOSES  AND  DOSE  RATES  FROM  A  UNIFORM  DISTRIBUTION  OF  FISSION 

PRODUCTS  ON  THE  GROUND 

It  Is  a  common  assumption  of  most  fallout  models  that  only 
the  fission  product  radioactivity  will  be  directly  considered 
In  the  computations,  and  that  the  fission  products  will  be 
considered  unfractionated  —  that  Is,  the  relative  concentra¬ 
tions  of  the  many  different  radionuclides  present  in  any  sample 
of  fallout  are  the  same  as  for  the  radioactive  debris  taken  as  a 
whole. 


763 2  Radioactive  Fallout  from  Nuclear  Weapons  Tests,  pro- 

a  w - A  W  7  4  M  ^  A  M  i  n  ■  ■»  14  A  (Ml  1  A  a* 


e**dings  of  a  ccnfs ronce  he 
Bovesber  15-17,  1961  FSAEC. 


Germantown,  Maryland, 
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OaffttpeniMig  Atfwal  Owt-foN  Co whun  (Hy^wWical ), 

!  | 

FIGURE  19.  ftedicted  and  Actual  Fallout  Dmo-rcte  Contour* 

With  thia  assumption,  t„here  exists  a  simple,  time- invariant 
scriptlon  of  the  fallout  contamination  level  at  a  given  loca- 
on,  namely  the  number  of  kilotons-equi valent  of  fission 
oducts  deposited  per  unit  area.  External  gamma  dose  rates 
d  accumulated  doses  three  feet  above  a  smooth,  infinite  plane 
ntamlnated  to  a  level  of  1  KT  per  square  mile  are  shown  in 


Table  9.  OA KMA  DOSE  RATE  AND  ACCUMULATED  DOSS  3  FEET 
ABOVE  A  SMOOTH,  INFINITE  PLANE a 


fallout  contamination  level  is  in  terms  of  the  roentgens/hour 

infinite  plane  dose  rate,  normalized  to  one  hour  —  that  is 

assuming  that  all  the  fallout  which  is  eventually  deposited  at 

a  given  location  has  in  fact  teen  deposited  at  one  hour 

following  the  detonation.  The  relation  between  those  two  de- 

2 

acriptions  Is  indicated  in  Table  9;  l.e.,  1  KT/ni  •  3720  r/hr 
at  1  hr. 
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Table  10.  APPROXIMATE  CONTRIBUTIONS  OP  INDUCED  ACTIVITIES 
AMD  FISSION  PRODUCTS  TO  FALLOUT  INFINITY  DOSE 
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BOTE:  Noraal  uaapou  as  tuned  50  ps-cent  ftsstoa  yield.  Clean  »*ipj«  5  percent 

fission  yield.  'iasion  products  assumed  uafractinsated.  Infinity  doss  •  dost 
fro**  I  Boar  to  -  hours. 


SMKCC:  ttS/CC  External  Saw*  0°***  end  P*se  Batts  froa  the  ?iMaut  fro*  Nuclear  Cnpla- 
sve«i,  H.  A.  Knapp.  FaTTiiut  Studios  Irai'cE,  oTi  Biology  aid  Medicine,  hay  lh, 
TW5.  reprinted  f.  527  at  tag.  Hearings  on  Civil  Dvfente  befor*  a  Sufcco««.» tta* 
of  the  Ccmttm  oa  Ovtriuieat  Operatives.  Mth  Congress.  March  19f0. 

It  la  clear  from  Table  9  that  the  doses  and  dose  rates 
sxperienced  at  a  given  location  at  various  times  following  a 
luclear  burst  will  depend  very  much  on  how  long  It  take*  for 
111  the  fallout  which  Is  going  to  be  deposited  at  a  particular 
Location  to  be  deposited.  Fallout  deposition  times ,  as  with 
>ther  features  of  the  fallout  models,  are  subject  to  large  un- 
:ertalntles.  At  areas  close  to  the  point  of  detonation  (say 
Ln  areas  of  30  pel  overpressure  or  more)  seme  fallout  (or 
;hrowout)  will  begin  within  minutes.  At  greater  distances  — 

Lt  la  estimated1  that  the  time  cf  fallout  arrival  Is  about  24 
ilnutea.  One  hundred  miles  from  the  point  of  detonation  the 
Fallout  may  not  begin  for  4  to  6  hours  and  lt  may  last  for 
leveral  hours. 

An  estimate  of  the  approximate  contribution  of  Induced 
ictlvltles  to  the  Infinity  (approximate  1  year)  dose  from  clean 
tnd  normal  weapons  Is  shown  in  Table  10. 


0.  CONTAMINATION  LE\*ELS  AN'  ACCUMULATED  DOSES  IN  AN  IDEALIZED 
FALLOUT  PATTERN;  oCALI.Yl  WITH  YIELD  AND  WIND 

Fallout  particles  of  a  size  large  enough  tc  be  visible 
against  a  white  sheet  or  paper  —  say  those  with  diameters  in 
excess  of  50  microns1  —  are  for  the  most  part  deposited  within 
24  hours  from  the  time  of  detonation.  They  contribute  the  most 
immediate  and  most  predictable  threat  from  the  fallout  of  a 
single-weapon  burst.  That  portion  of  the  fallout  which  occurs 
within  24  hours  is  (somewhat  arbitrarily)  called  early  fallout, 
as  opposed  to  delayed  fallout  which  occurs  after  24  hours.  It 
is  the  doses  and  dose  rates  from  early  fallout  which  one 
attempts  to  define  with  an  idealized  fallout . pattern.  For  land 
surfacebursts  in  the  megaton  range,  it  is  estimated  that  from 
50  percent  to  70  percent  of  the  radioactivity  created  by  the 
nuclear  explosion  will  be  deposited  a3  early  fallout. 

Sample  fallout  patterns  from  the  fallout  model  described 
in  The  Effect  of  Nuclear  Weapons  ape  shown  in  Figures  20  and  21. 
Figure  20  illustrates  how  the  total  dose  may  accumulate  during 
the  first  18  hour3  following  detonation.  Figure  21  shows  the 
time- invariant  level  of  contamination,  and  may  be  used  in  con¬ 
junction  with  Table  9  to  obtain  accumulated  doses  and  dose  rates 
once  all  the  fallout  at  a  given  location  has  been  deposited. 

The  dose  rates  and  doses  shown  in  Figures  20  and  21  are 
for  a  1-MT  surfacebu.  t  of  100  percent  fission  yield.  They 
must  be  scaled  down  by  a  factor  equal  to  the  fraction  of  the 
total  yield  due  to  fission.  This  fraction  is  normally  taken  as 
1/2  for  illustrative  purposes,  although  fractions  as  low  as  1/3! 
and  as  high  as  2/3  indicate  the  general  range  of  uncertainty 
introduced  by  this  factor. 


1  micron  » 


7^7 


meter  ■  10“^  millimeter. 
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FIGURE  20.  Total  Dose  Contours  from  Early  Fallout  at  1,  6,  and  18  Hours  After 
Surface-burst  with  1  MT  Fission  Yield  (15  mph  Effective  Wind  Speed). 
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FIGURE  21 .  Idealized  Unit-time  Reference  Dost-rate  Pattern  far  early  Fallout  from 
a  1  MT  Fission  Yield  Surfoceburst  (15  mph  Effective  Wind  Speed). 


An  Important  factor  to  consider  in  connection  with  the 
fallout  contours  given  in  Figure  21  is  how  they  scale  with 
yield  and  wind.  This  is  described  in  The  Effect  of  Nuclear 
Weapons  as  follows: 

"In  order  to  obtain  the  idealised  fallout  pattern  for  a 
fission  yield  of  F  megatons,  the  values  of  the  various 
contour  lines  in  Fig.  9.73  may  be  multiplied  by  F.  Thus, 
for  a  weapon  having  a  total  yield  of  M  megatons  with  50 
percent  of  the  energy  derived  from  fission,  the  factor 
would  be  0.5M.  This  scaling  procedure,  although  highly 
simplified,  gives  reasonably  good  results  for  surface 
bursts  from  about  100  kilctons  to  10  megatons  fission 
yield.  However,  the  higher  values  of  dose  rate  (and  dose) 
are  probably  overestimated  for  fission  yields  in  excess  of 
1  megaton.  Except  for  isolated  points  In  the  immediate 
vicinity  of  ground  zero,  observations  Indicate  that  unit¬ 
time  reference  dose  rates  greater  than  about  10,000 
roentgens  per  hour  are  unlikely.  A  possible  reason  Is 
that  as  the  weapon  yield  increases  so  also  does  the  Initial 
volume  of  the  radioactive  cloud;  hence,  the  maximum  concen¬ 
tration  of  activity  in  the  cloud  does  not  change  very  much 
with  the  yield.  The  fallout  contamination  moderately  near 
ground  zero,  where  the  dose  rate  Is  high*  will  thus  not 
Increase  in  proportion  to  the  yield,  as  the  sample  scaling 
law  given  here  implies.  At  greater  distances  downwind  the 
law  is  much  more  reliable  because  as  a  result  of  spreading 
by  the  wind,  the  initial  cloud  volume  has  relatively  little 
Influence  on  the  concentration  of  fallout  on  the  ground. 
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"9.76  It  should  be  noted  that  the  proportional  scal¬ 
ing  procedure  makes  no  allowance  for  the  effect  of  the 
total  I.e.,  fission  plus  fusion,  yield;  thus  It  predicts 
the  same  fallout  pattern  for  a  1-megaton  all-fission 
detonation  as  for  a  2-megaton  50-percent  fission  explosion. 
Actually,  the  unit-time  reference  dose  rate  near  ground 
zero  might  be  somewhat  smaller  in  the  latter  case  because 
the  same  amount  of  radioactivity  would  be  spread  through,  a 
larger  volume  of  the  initial  cloud.  At  greater  distances 
downwind  from  the  burst  point  the  effect  of  the  initial 
cloud  concentration  is  small,  as  indicated  above.  Further¬ 
more,  at  such  locations  the  dilution  effect  may  be  compen¬ 
sated  by  the  fact  that  the  cloud  from  the  2-megaton 
explosion  will  probably  rise  higher,  thu3  increasing  the 
distances  at  which  particles  from  the  same  relative 
position  In  the  cloud  will  reach  the  ground. 

"9*77  As  stated  in  9*65,  the  effective  wind  speed 
and  direction  are  the  mean  values  from  the  ground  up  to  a 
certain  level  in  the  radioactive  cloud,  depending  on  the 
total  yield  of  the  explosion.  As  a  very  rough  approxima¬ 
tion,  the  atmospheric  layers  over  which  the  wind  Is  to  be 
averaged  as  a  function  of  the  weapon  yield,  are  as 
follows: 

Total  yield  Layer 

Less  than  1  MT  Surface  to  50,000  feet 

1  HT  to  5  MT  Surface  to  60,000  feet 

More  than  5  MT  Surface  to  80,000  feet 

*  >** 

These  values  should  be  adequate  for  the  rough  evaluation 
of  hypothetical  fallout  situations  based  on  the  idealized 
patterns.  More  elaborate  prediction  schemes  take  Into 
consideration  the  winds  at  different  levels  instead  of  a 
single  average  effective  wind. 

*9.78  If  there  is  no  directional  wind  shear,  then 
doubling  the  wind  speed  would  cause  the  particles  of  a 
given  size  to  reach  the  ground  at  twice  the  distance  from 
ground  zero,  so  that  they  are  spread  over  roughly  twice 
the  area.  Based  on  this  conclusion  the  following  scaling 
laws  maj  be  used  in  connection  with  the  idealized  fallout 
pattern:  (a)  the  unit-time  reference  dose-rate  value  for 
each  contour  in  the  15-mile-per-hour  wind  velocity  pattern 
In  Fig.  9.73  is  multiplied  by  15/v  where  v  is  the  actual 
effective  wind  velocity  in  miles  per  hour  and  (b)  the 
downwind  distances  in  Fig.  9*73  are  multiplied  by  v/15. 

For  a  30-mlle-per-hour  wind,  for  example,  the  contour 
values  would  be  halved  and  the  distances  doubled. 

"9-79  It  will  be  apparent  that  in  scaling  for  either 
yield  or  wind  speed  the  values  of  the  dose-rate  contours 
are  ch&ngeu.  The  scaled  downwind  extent  for  any  given 
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contour  valu’  nay  readily  be  obtained  by  plotting  the 
scaled  dose  rates  versus  the  scaled  downwind  distances  cn 
logarithmic  graph  paper  and  reading  downwind  distances 
corresponding  to  the  desired  contour  value  fr~m  the  re¬ 
sulting  smooth  curve. 

"3oth  the  idealized  15-mi le-per-hour  pattern  in  Pig.  9*73 
and  the  wind  scaling  procedure  tend  to  maximize  the  down¬ 
wind  extent  of  the  dose-rate  contours  since  they  involve 
the  postulate  that  there  is  very  little  (or  r.o)  wind 
shear.  This  is  not  an  unreasonable  assumptitn  for  the 
continental  United  States,  since  the  wind  shear  is  ganer^ 
ally  small  at  altitudes  of  interest  from  the  standpoint  of 
fallout.  If  there  is  considerable  wind  shear,  e.g.,  20° 
or  more  in  the  lower  half  of  the  mushroom  head,  the  fall¬ 
out  pattern  would  be  wider  and  shorter  than  that  based  on 
Pig.  9*73.  The  actual  unit-time  reference  dcse  rate  at  a 
specified  downwind  distance  from  ground  zero  for  a  given 
effective  wind  speed  would  then  be  smaller  than  predicted. 
The  crosswind  values  at  certain  distances  might,  however, 
be  Increased. 

"It  may  be  noted  that  the  method  for  wind  scaling  de¬ 
scribed  in  9*78  may  be  approximated  by  another  procedure; 
the  reference  dcse-rate  contour  values  are  left  unchanged 
but  the  distances  In  Pig.  9.73  are  multiplied  by  (v/lo)1^. 
If  considerable  wind  shear  exists,  a  better  approximation 
may  be  obtained  by  using  the  factor  (v/15)l/3.  The  results 
of  this  approximation  are  not  reliable  for  azse  rates 
greater  than  about  1,000  roentgens  per  hour  for  reasons 
similar  to  those  given  in  9* 75." 

The  ENW  model  described  above  differs  in  a  number  of  ways 
with  a  more  comprehensive  and  detailed  model  developed  by  Pugn 
and  Oaliano*  and  subsequently  modified  by  Pugh  in  1961  in  con¬ 
junction  with  a  Fallout  Subcommittee  of  the  Advisory  Committee 

on  Civil  Defense,  National  Academy  of  Sciences,  fcr  use  by  the 

2 

National  Resources  Evaluation  Center.  A  tabulation  of  the 
WSEG-NAS  model  results  for  a  number  of  yields  and  winds  of 
interest  Is  presented  in  Appendix  D. 


^WSEG  Research  Memorandum  Ho. 10 ,  An  Analytic  Model  of  Close  in 
Deposition  of  Fallout  for  Use  in  Operational-Type  Studies. 
George  5.  Pugh,  Robert  J.  Galiano,  October  1959. 

2Perber,  Gilbert  J.  and  Heffter,  J.  L. ,  A  Comparison  of  Fallout 
Model  Predictions  with  a  Consideration  ot  Wind  Effects,  p.  122 , 
et  seq.,  AEC  TID-7632. 
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One  difference  between  the  2NW  and  WSEG-HAS  models  Is  that 
the  maximum  H+l-hour  Jr?*  r!»*»  In  the  W3EG-NAS  model  is  not 
1  *  <\ tPfi  r/hr  a:  1  hr.  For  example,  the  VSEG-NAS  . 

-•  «4l  l,uUc&tes  an  H+i-hour  contour  of  30,000  r/hr  at  1  hr. 
ov#T  a  7^2  square  mile  area  for  a  100-MT  100  percent  fission 
surfaceburst,  a  10-knot  wind,  and  an  effective  fallout  shear  of 
0.1  knot  per  1000-foot  altitude. 

H.  METEOROLOGICAL  DATA  FOR  USE  WITH  FALLOUT  PREDICTION  MODELS 


The  principal  information  needed  to  apply  the  models  de- 

i 

scribed  above  to  determine  the  fallout  at  any  designated  point 


•The  yield,  fission  yield,  and  burst  points  of  the  weapons 
contributing  fallout  to  that  point, 

•The  effective  wind  speed  and  direction  (and  for  the  WSEG- 
NAS  model,  the  effective  fallout  shear)  at  the  points  of 
detonation  of  the  weapons  contributing  fallout  to  that 
point. 

The  wind  speed  and  direction  could,  of  course,  be  almost 
anything-  There  are,  however,  seasonal  regularities  In  wind 
conditions  at  given  places  throughout  the  countr^.  These  are 
described  in  some  detail  in  Chapter  5  of  DOD-OCD  Federal  Civil 
Defense  Guide.1  The  most  Important  data  and  discussion  are 
reproduced  in  Table  11  and  In  the  following  paragraph: 

"Dally  Variability 

It  should  be  noted  that  the  data  In  Table  XI,  this  report, 
and  Figures  9  through  13  represent  mean  or  averaged  data, 
based  upon  five  years  of  upper  air  observations.  On  any 
one  day,  the  actual  direction  and  speed  may  vary  consider¬ 
ably  from  the  seasonal  or  annual  mean.  Table  II  shows  the 
ratios  of  the  vector  standard  deviations  to  the  average 
wind  speeds  for  winter  and  summer  and  the  range  of  the 
mean  seasonal  direction  in  degrees  for  each  of  the  52  rawin 
locations.  The  former  tabulations  Indicate  the  ratio  of 
the  scatter  to  the  scaler  magnitude  of  the  vector  and  thus. 


^OD-OCD,  Federal  Civil  Defense  Guide,  Part  E,  Chapter  5» 
Appendix  6,  Application  of  Meteorological  Data  to  RADEF. 
December  15» 196 3*  '  " 
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Table  11.  CLIMATOLOGICAL  FEAN  WIND  DIRECTION  (D)  AND  AVERAGE 
SPEED  (S)  IN  KNOTS  IN  THE  LAYER  FROM  80,000  FT.  ALTITUDE  TO 
SURFACE  OP  THE  EARTH  AND  VECTOR  STANDARD  DEVIATION  V) 
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are  a  measure  of  the  reliability  of  the  mean  as  a  predic¬ 
tion.  The  mean  data  in  Table  I  are  more  representative  of 
the  winds  on  any  particular  day  where  the  ratio  of  V/S  has 
a  low  value.  For  example,  the  mean  data  for  Washington  in 
winter  (089  degrees,  45  knots)  has  a  V/S  value  of  .55 
whereas  the  summer  mean  data  (112  degrees,  10  knots)  has  a 
V/S  value  of  1.57.  Therefore,  the  mean  winter  data  for 
Washington  are  more  representative  of  the  winds  on  any  one 
day  during  the  winter  than  the  mean  summer  data  are  repre¬ 
sentative  of  the  winds  on  any  one  summer  day.  Fur -her,  at 
Ft.  Worth  in  summer  when  V/S  equals  3*56  the  mean  summer 
data  (282  degrees,  4  knots)  would  not  be  a  very  reliable 
prediction  for  the  winds  on  any  one  summer  day.” 

I.  DOSES  AND  DOSE  RATES  IN  OVERLAPPING  FALLOUT  PATTERNS 

Since  no  attempt  has  been  made  to  estimate  the  possible 
level  of  attack  on  military  targets,  or  the  distribution  of  such 
an  attack  throughout  the  United  States,  it  is  not  possible  to 
give  an  example  of  the  integrated  fallout  pattern  throughout 
this  country  for  even  one  set  of  wind  conditions.  What  will  be 
considered  instead  is  an  estimate  of  the  maximum  level  of  fall¬ 
out  which  might  reasonably  be  anticipated  in  and  around  a 
reasonably  large  populated  area  subjected  to  a  direct  attack. 
Specifically,  It  will  be  assumed  that  3  10-MT,  50  percent 
fission  yield  weapons  have  been  surfaceburst  in  such  a  way  that 
the  5  psi  circles  are  Just  tangent  to  each  other.  The  wind 
speed  selected  is  1C  knots  —  the  average  for  the  Washington, 
D.C.  area  in  the  summer  (see  Table  11).  The  model  used  will  be 
the  WSEG-NAS  model,  the  effective  wind  shear  0.1  kt/1000-foot 
altitude.  One  wishes  to  examine  how  the  H+i-hour  contour 
levels,  and  the  first  w^ek  dose  (maximum  biological  dose)  con¬ 
tour  levels  can  overlap  under  these  conditions.  The  Individual 
patterns,  with  overlap  indicated,  are  plotted  in  Figures  22 
and  23. 

It  may  be  seen  from  .Figure  22  that  most  of  the  area  covered 
by  the  5  psi  blast  level  has  a  contamination  level  of  at  least 
1500  r/hr  at  1  hr.  About  half  the  total  5  psi  area  and  somewhat 
more  of  the  downwind  area  outside  the  5  psi  circles  are 
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contaminated  to  a  level  of  at  least  5000  r/hr  at  1  hr. 
Significant  areas  within  the  5  psi  blast  level  and  dow  jind  of 
it  are  contaminated  to  levels  in  the  ran^e  of  5000  to  10,000 
r/hr  at  1  hr.  The  highest  levels  indicated  by  the  patterns  are 
about  13*000  r/hr  at  1  hr.  Very  extensive  areas  downwind  are 
overlapped  by  all  3  patterns,  for  a  total  contamination  level 
of  at  least  4500  r/hr  at  1  hr. 

Prom  Figure  23,  it  is  seen  that  a  maximum  biological  dose 
(approximately  equal  to  the  total  dose  during  the  first  week) 
through  most  of  the  5  psi  area  is  at  least  5000  r,  that  it  is 
about  15,000  r  over  significant  positions  of  the  blast  area 
and  beyond,  and  that  it  reaches  about  26,000  r  is  the  art a  of 
greatest  intensity. 

These  results  are  for  a  fission  yield  of  50  percent.  They 
should  be  increased  by  1/3  if  the  fission  yield  is  increased 
from  1/2  to  2/3.  They  would  increase  if  the  effective  wind 
were  less  than  10  knots,  or  if  there  were  heavy  fallout  from 
other  targets.  They  would  decrease  if  the  effective  wind  were 
greater  than  10  knocs,  or  if  the  fission  yield  were  less  than 
50  percent.  They  would  disappear  altogether  if  the  weapons 

, 

were  alrburst. 

One  cannot  draw  reliable  general  conclusions  as  to  the 
level  of  fallout  contamination  against  which  protection  should 
be  sought  in  and  around  all  urban  areas  by  a  single  illustrative 
example  using  one  of  several  fallout  models,  und  considering 
only  an  area  subject  to  heavy  attack.  For  fallout,  as  with 
blast  and  heat,  each  area  requires  special  study,  and  each  rrea 
must  be  considered  in  light  of  many  postulated  attacks  on  the 
country  as  a  whole.  The- data  and  methods  described  in  this 
paper  show  one  way  of  making  such  a  study,  provided  additional 
assumptions  are  made  as  to  the  weight  and  distribution  of 
attacks  on  military  targets. 
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There  is,  perhaps,  one  tentative  conclusion  of  sorr.e 
importance  which  follows  from  the  V»3E3-!#’AS  ncs~*il.  Namely,  that 
in  areas  in  and  around  a  carpet  subjected  to  multiple  attack 
with  high-yield  surfaceburst  weapons,  contamination  levels  in 
the  range  of  5003  to  10,003  r/hr  at  1  hr,  and  first-week  doses 
in  the  range  of  15,000  r  to  30,000  r  are  not  unreasonable 
fallout  levels  to  consider  —  along  with  other  factors  such  a3 
cost  —  in  the  design  of  shelters  and  in  planning  recovery 
operations. 


Table  1.  POPULATION,  LAND  AREAS s  AND  DENSITIES  OF 
U.S.  URBANIZED  AREAS  (1963  CENSUS) 

(213  Urbanized  Areas,  See  Table  5  for  Rank  According  to  Population) 
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Excerpt  frets  Statement  of  Secretary  of  Defense 
Robert  S.  McNamara  before  the  House  Armed 
Services  Committee  on  the  Fiscal  Year  1966-70 
Defense  Program  and  1966  Defense  Budget, 
February  18,  1965- 


CAf ABILITIES  OF  TH£  PROGRAMED  FORCES  FOR  DAMAGE  LIMITATION 

Tfc©  ultimate  deterrent  to  a  deliberate  nuclear  attack  on 
tit u  United  States  and  its  Allies  is  our  clear  and  unmistakable 
ability  to  destroy  an  aggressor  as  a  viable  society,  even  after 
ctsr  forces  have  been  attacked.  But  if  deterrence  fails,  whether 
by  accident  or  miscalculation,  it  is  essential  that  forces  be 
available  to  licit  the  damage  of  such  an  attack  to  ourselves  and 
©«r  AXli®s  • 

The  utility  of  the  Strategic  Offensive  Forces  ir.  the  Damage 
Liaising  role  is  critically  dependent  on  the  timing  cf  the  enemy 
attack  on  U.S.  urban  targets.  For  example,  if  an  enemy  missile 
attack  on  U.S.  cities  were  to  be  sufficiently  delayed  after  an 
attack  on  U.S.  military  targets  (an  unlikely  contingency)  our 
atrategic  missiles  (which  can  reach  their  targets  in  less  than 
on©  hour)  could  significantly  reduce  the  weight  of  that  attack 
fey  destroying,  prior  to  launch,  a  large  part  of  the  enemy’s 
forces  withheld  for  use  against  our  cities. 

If  the  urban  attack  were  delayed  still  longer,  cur  bomber 
force  could  also  contribute  to  the  Damage  Limiting  objective. 
However,  if  the  enemy  were  to  launch  his  attack  against  our 
urban  areas,  at  the  beginning  of  a  general  nuclear  war,  our 
Strategic  Offensive  Forces  —  both  missiles  and  bombers  — 
weald  have  a  greatly  reduced  value  in  the  Damage  Limiting  role. 
Their  contribution  in  that  case  would  be  limited  to  the  de¬ 
struction  of  enemy  residual  forces  —  unlaunched  strategic 
missiles  and  bombers,  re-fire  missiles,  and  any  other  strategic 
forces  the  enemy  might  withhold  for  subsequent  strikes. 

Since  we  have  no  way  of  knowing  how  the  enemy  would  execute. 
&  nuclear  attack  upon  the  United  States,  we  must  alsc  inten¬ 
sively  explore  alternative  "defensive”  systems  as  means  of 
limiting  damage  to  ourselves.  The  problem  here  is  tc  achieve 
ass  optimum  balance  among  all  the  elements  of  the  general  nuclear 
war  forces,  particularly  in  their  Damage  Limiting  role.  This 
is  what  wo  mean  by  "  balanced”  defense. 


Although  a  deliberate  nuclear  attack  upon  the  United  States 
assy  seen  a  highly  unlikely .  contingency  in  view  of  our  unmist ak- 
©1)1©  Assured  Destruction  capability,  it  muse  receive  cur  urgent 
attention  because  of  the  enormous  consequences  it  would  have. 

Is  this  regard,  I  should  make  two  points  clear.  First,  in  order 
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to  preclude  any  possibility  of  miscalculation  by  others ,  I  want 
to  reiterate  that  although  the  U.S.  would  itself  suffer  severely 
in  the  event  of  a  general  nuclear  war,  we  are  fully  committed  to 
the  defense  of  our  Allies,  •  Second,  we  do  not  view  Damage  Limita¬ 
tion  as  a  question  of  concern  only  to  the  U.S.  Our  offensive 
forces  cover  strategic  enemy  capabilities  to  inflict  damage  on 
our  Allies  In  Europe  Just  as  they  cover  enemy  threats  to  the 
continental  U.S. 

To  appreciate  fully  the  implications  of  an  attack  on  cur 
cities 9  it  is  useful  to  examine  the  Assured  Destruction  objective 
from  the  attacker’s  point  of  view ,  since  our  Damage  Limiting 
problem  is,  in  effect,  his  Assured  Destruction  problem. 

Several  points  are  evident,  from  our  »nc lyric  cf  this  problem. 
Pirst,  it  is  clear  that  with  limited  fallout  protection,  an  enemy 
attack  on  our  urban  areas  would  cause  great  loss  of  life,  chiefly 
because  of  the  heavy  concentration  of  population  in  our  large 
cities,  which  I  noted  earlier.  Second,  the  analysis  clearly 
demonstrates  the  distinct  utility  of  a  nation-wide  fallout  shelter 
program  in  reducing  fatalities,  at  all  levels  of  attack.  Third, 
the  analysis  shows  that  the  attack  would  destroy  a  large  percent¬ 
age  of  our  industrial  capacity.  Each  successive  doubling  cf 
the  number  of  delivered  warheads  would  increase  the  destruction 
of  our  population  and  industrial  capacity  by  proportionately 
smaller  amounts,  since  smaller  and  smaller  cities  would  have  to 
be  attacked. 

.  In  order  to  assess  the  potentials  of  various  Damage  Limiting 
programs  we  have  examined  a  number  of  ’’balanced"  defense  postures 
at  different  budget  levels.  These  postures  are  designed  tc  defend 
against  the  assumed  threat  in  the  early  1970s.  To  illustrate  the 
critical  nature  of  the  timing  of  the  attack,  we  used  two  limiting 
cases.  Pirst,  we  assumed  that-  the  enemy  would  initiate  nuclear 
war  with  a  simultaneous  attack  against  our  cities  and  mili¬ 
tary  targets.  Second,  we  assumed  that  the  attack  against  our 
cities  would  be  delayed  long  enough  for  us  to  retaliate  against 
the  aggressor’s  military  targets  with  our  missiles.  In  both 
cases,  we  assumed  that  all  new  systems  will  perform  essentially 
as  estimated  since  our  main  purpose  here  was  to  gain  an  insight 
into  the  overall  problem  of  limiting  damage.  The  results 
of  this  analysis  are  summarized  in  the  table  below. 
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Estimated  Effect  on  rJ.S,  Fatalities  of  Additions 
the  Approved  Damage  Limiting  Program 
(Baaed  on  1970  population  cf  lTS~milllon) 


to 


Additional 

Millions  of  U.S 

.  Fatalities 

Investment 

Early  Urban  Attack 

Delayed  Urban  Attack 

$  0  billion 

149 

122 

5  billion 

120 

90 

15  billion 

96 

59 

25  billion 

78 

41 

Ths  $5  billion 

of  additional  investment 

(of  which  about  $2 

billion  would  come 

from  non-Federal  sources) 

would  provide  a 

full  fallo-t  shelter  program  for  the  entire  population.  The 
$15  billion  level  would  add  about  $8-1/2  billion  for  a  limited 
deployment  cf  a  low  coat  configuration  of  a  missile  defense 
system*  plus  about  $1-1/2  billion  for  new  manned  bomber  defenses. 
The  $25  billion  level  would  provide  an  additional  $8-1/2  billion 
for  anti-missile  defenses  (for  a  total  of  about  $17  billion)  and 
another  $1-1/2  billion  for  improved  manned  bomber  defenses  (for 
a  total  of  $3  billion). 

The  number  of  strategic  missiles  required  to  take  full 
advantage  of  the  possibility  that  the  aggressor  might  delay  his 
attack  on  our  cities  is  already  included  in  the  forces  programed 
through  1970. 

Th®  high  utility  of  a  full  nation-wide  fallout  shelter 
program  in  the  Damage  Limiting  role  is  apparent  from  the  foregoing 
table  —  it  would  reduce  fatalities  by  about  30  million  compared 
with  the  present  level  of  fallout  protection.  The  following 
table  shews  that  a  transfer  of  resources  from  fallout  shelters  to 
other  defensive  systems  would  result  in  substantially  less  effec¬ 
tive  defense  postures  for  any  giver,  budget  level. 

Estimated, Effect  of  Fallout  Protection  on  U.S.  Fatality 
Levels  for  Several  Damage  Limiting  Programs 
(Based  on  1970  total  population  of  210  million) 

Millions  of  U.S.  Fatalities 


Early  Urban 

Attack 

Delayed  Urban  Atta 

Additional 

Partial 

Full 

Full 

Investment 

Protection 

Protection 

Protection 

Protects 

$  0  billion 

149 

149 

122 

122 

5  billion 

145 

120 

107 

90 

15  billion 

121 

96 

79 

c9 

25  billion 

107 

73 

59 

41 
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The  figures  indicate  that  in  the  case  of  an  early  attack  on 
)ur  urban  centers,  for  the  same  level  of  survivors,  any  Damage 
limiting  program  which  excludes  a  complete  fallout  shelter 
lystera  would  cost  at  least  twice  as  much  as  a  program  which  in¬ 


cludes  such  a  system  —  even  under  the  favorable  assumption  that 
;he  enemy  would  not  exploit  our  lack  of  fallout  protection  by 
mrface  bursting  his  weapons  upwind  of  the  fallout  areas.  In 
addition,  fallout  shelters  should  have  the  highest  priority  of 
iny  defensive  system  because  they  decrease  the  vulnerability  of 
;he  population  to  nuclear  contamination  under  all  types  of 
it tack.  Since  at  the  $15  and  $25  billion  budget  levels,  the 
>ulk  of  the  additional  funds  would  go  to  missile  defense,  a 
»lgh  confidence  in  the  potential  effectiveness  of  the  system 
fould  have  to  be  assured  before  commitment  to  such  large 
expenditure  3  would  be  Justified.  Furthermore,  at  these  budget 
.eve Is ,  missile  defenses  would,  also  have  to  be  interlocked  with 
either  local  or  area  bomber  defenses  in  order  to  avoid  having 
me  type  of  threat  undercut  a  defense  against  the  other. 

Although  missiles  clearly  have  a  better  chance  than  bombers 
>f  destroying  residual  enemy  offensive  forces  because  they  can 
•each  them  much  sooner,  we  also  examined  the  effectiveness  of 
tootoers  in  the  Damage  Limiting  role.  In  one  such  analysis  we 
lompared  a  strategic  aircraft  --  the  AMSA  -•  and  two  strategic 
ilsslles  —  JEEWUTEMAM  II  and  an  improved  missile  for  the  1970s. 
.This  improved  missile  could  be  developed  and  deployed  within 
;he  same  time  frame  a?  the  AMSA).  Although  there  are  many 
uicertalnties  with  regard  to  both  the  assumptions  and  the  planning 
'actors  used  in  this  comparison,  it  did  demonstrate  clearly  one 
.important  point,  namely,  that  there  are  less  costly  ways  of 
lestroying  residual  enemy  missiles  and  aircraft  than  by  develop¬ 
ing  and  'deploying  a  new  AMSA  —  even  ignoring  the  fact  that  enemy 
lissile  silos  and  bomber  fields  are  far  mors  likely  to  be  empty 
y  the  time  the  bombers  pass  over  than  when  the  missiles  arrive. 

There  is  also  the  possibility  in  the  1970s  of  a  small 
nuclear  attack  on  the  United  States  by  a  nation  possessing  only 
i  primitive  nuclear  force.  Accordingly ,  we  have  undertaken  a 
lumber  of  studies  In  this  area.  Our  preliminary  conclusion  is 
hat  a  snail,  balanced  defense  program  could,  indeed,  signifi¬ 
cantly  reduce  Fatalities  from  such  an  attack.  However,  the 
:©&«3  time  for  additional  nations  to  develop  and  deploy  an 
ff active  ballistic  missile  system  capable  of  reaching  the 
hi ted  States  Is  greater  than  we  require  to  deploy  the  defense. 


(1)  With  no  new  O.S.  defenses  against  nuclear  attack 
in  the  early  1970s,  the  strategic  offensive 
forces  likely  to  confront  us  could  inflict  a  very 
high  level  of  fatalities  on  the  United  States. 

(2)  A  nation-wide  civil  defense  program  costing  about 
$5  billion  could  reduce  fatalities  by  about  30 

million. 

(3)  If  active  defense  systems  operate  as  estimated, 
a  large,  balanced  Damage  Limiting  program  for 

an  additional  $20  billion  could  reduce  fatalities 
associated  with  an  early  urban  attack  by  another 
AO  million. 

I  <*»>  There  is  no  defense  program  within  this  general 

■  range  or  expenditures  which  would  reduce  fatalities 

to  a  level  much  below  80  million  unless  the  enemy 
delayed  his  attack  on  our  cities  long  enough  for 
our  missile  forces  to  play  a  major  Damage  Limiting 
role . 

Moreover,  we  have  thus  far  not  taken  into  account  a  factor 
which  I  touched  on  at  the  beginning  of  this  discussion,  and 
that  is  possible  reactions  of  potential  aggressors  which  could 
servo  to  offset  our  Damage  Limiting  initiatives.  Let  me  illus¬ 
trate  this  point  with  the  following  example.  Suppose  we  had  al¬ 
ready  spent  an  additional  $15  billion  for  a  balanced.  Damage 
Limiting  posture  of  the  type  I  described  earlier,  expecting  that 
it  would  limit  fatalities  to,  say,  95  million  in  the  event  of 
a  first  strike  against  .our  cities.  We  then  decide  to  spend 
another  $10  billion  to  reduce  the  fatalities  to  about  75  million. 

If  the  enemy  chooses  to  offset  this  increase  in  survivor's,  he 
should  be  able  in  the  19703  to  do  so  by  spending  about  $6  billion 
mor©  on  his  offensive  forces,  or  60  percent  of  our  cost. 

At  each  successively  higher  level  of  U.S.  expenditures,  the 
ratio  of  our  costs  for  Damage  Limitation  to  the  potential 
aggressor's  costs  for  Assured  Destruction  becomes  less  and  less 
favorable  for  us.  Indeed,  at  the  level  of  spending  required  to 
limit  fatalities  to  about  A0  million  in  a  large  first  strike 
against  our  citie3,  we  would  have  to  spend  on  Damage  Limiting 
progress  about  four  times  what  the  potential  aggressor  would 
have  to  spend  on  damage  creating  forces ,  i.e. ,  his  Assured 
Destruction  forces. 

This  argument  is  not  conclusive  against  our  undertaking  a 
major  new  Damage  Limiting  program.  The  resources  available  to 
the  Soviets  are  more  limited  than  our  own  and  they  may  net  actually 
react  to  cur  initiatives  as  we  have  assumed.  But  it  does  underscore 
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CLINICAL  FEATURES  Of  RADIATION  INJURY 


CUWfCAL  FEATURES  Or  RADIATION  INJURY 


A.  OEffERfil 

All  that  is  known  about  the  quantitative  Immediate  effects 
of  various  radiations  on  normal  humans  coses  froa  analysis  of 
experience  with  radiation  therapy  (sick  humans),  froa  studies 
of  accidental  exposure,  from  the  study  of  the  Japanese  who 
survived  the  atomic  boshing,  and  froa  controlled  experiments 
with  animals.  Even  though  much  of  the  information  la  indirect, 
bop®,  is  known  about  radiation  than  about  any  other  agent  capable 
of  causing  mass  casualties.  In  an  emergency  due  to  radioactive 
fallout,  the  casualty  rate  for  any  group  of  people  can  be 
predicted  with  considerable  confidence,  on  the  basis  either  of 

radiological  exposure  data  or  of  medical  evaluation  of  a 

2 

representative  sample  of  the  group.  A  system  of  prediction 
consists  of  a  classification  of  the  varieties  of  radiation 
injuries,  the  clinical  manifestations  and  prognosis  of  each 


Tfational  Cosslttee  on  Radiation  Protection  and  Measurements 
Report  Ho.  29,  Exposure  to  Radiation  In  an  Emergency, 

January  1962,  p.  59  et  seq. 

^Tbe  Defense  Atomic  Support  Agency  made  the  following  comment 
on  this,  sentence  during  review  of  this  paper: 

"The  statement  that  in  an  emergency  the  casualty  rate  can  be 
predicted  with  consld.era.ble  confidence  can  be  rather  mis¬ 
leading.  Enough  Is  known,  if  a  certain  dose  is  given,  to 
predict  what  would  happen  to  an  individual.  However,  In  an 
emergency  situation,  the  dosages  or  conditions  ©f  exposure 
will  not  be  well  enough  known.  Even  20  years  after  the 
Japanese  explosions  these  are  not  well  known.  A  medical 
evaluation  will  not  completely  separate  the  groups  because 
there  is  too  mush  overlapping  between  the  groups." 
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variety,  and  the  dose,  or  range  of  dose,  or  conditions  of 
exposure,  responsible  for  each  variety. 

3.  CLASSIFICATION  OF  RADIATION  INJURY 

Aayf^tcmatlc,  or  Inapparent,  or  undetectable  radiation 
injury  occurs  when  the  brief  exposure  dose,  or  the  EKD,  or  the 
dose  of  internal  (S-y)  radiation  is  less  than  50  r.  The 
effects  of  a  single,  brief  dose  between  about  15  and  50  r  can 
be  detected  when  statistical  methods  are  applied  to  blood-count 
data  from  a  sufficiently  large  group  of  people.  Presumably, 
the  same  is  true  for  the  effects  of  an  ERD  less  than  about  50  r. 
Except  for  the  statistical  change  In  blood  count,  no  one  will 
be  aware  of  exposure  in  this  range. 

Acute  radiation  sickness*  (also  called  the  "acute  radiation 
syndrome,"  "whole-body  radiation  injury,"  etc.)  Is  caused  by 
external  or  internal  y  or  X  radiation.  Clinical  manifestations 
include  general  "tonic”  symptoms,  such  as  weakness,  nausea, 
easy  fatigue,  etc. ,  and  specific  symptoms  and  signs  caused  by 
damage  to  the  gastrointestinal  tract,  the  blood- forming  organs, 
the  central  nervous  system,  etc.  The  signs  of  radiation  sick¬ 
ness  Include  alterations  of  the  blood  count,  excretion  of  ab¬ 
normal  substances  in  the  urine,  loss  of  hair  (epilation),  a 
tendency  to  bleed  easily,  etc.  Radiation  sickness  may  consist 
of  nothing  sore  than  a  decrease  In  the  white  cell  count  and 
alight  fatigue,  or  it  may  be  so  severe  that  death  occurs  within 
hours  of  the  onset  of  exposure.  Five  clinical  groups  can  be 
distinguished  on  the  basis  of  severity  which  can  be  correlated 
with  the  size  of  the  dose. 


fladiatlon  sickness  is  described  as  acute  when  clinical  mani¬ 
festations  occur  early  and  do  not  last  longer  than  6  months. 


Symptoms  are  what  the  patient  complains  about,  e.g. ,  headache, 
weakness,  etc.  Signs  of  radiation  injury  are  observed  by  an 


examiner,  e.g.,  hemorrhage,  loss  of  hair,  etc.,  or  detected  'ey 
&  laboratory  test,  e.g. ,  low  white  csll  count,  etc. 
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posu; 

most 

whiti 


medical  care.  More  than  half  will  survive,  with  the  chances 
of  survival  being  better  for  those  who  received  the  smaller 

doses.  Sickness  of  this  type  hrs  been  seen  after  brief, 
©hole-body  doses  of  y  or  Z  radiation  on  th©  order  of  200  to 
$50  r.  An  E?D  of  external  y  radiation  of  the  same  size  will 
probably  causes  a  similar  illness. 

m  III:  This  a  cor®  serious  version  of  the  sick- 


is  longer,  the  latent  period  is  shorter,  and  the  sain 
episode  of  illness  is  characterised  by  extensive  hemor- 
rhags®  and  complicating  infection©.  People  in  this  group 
need  medical  care  and  hospitalisation.  Less  than  half  will 
survive,  with  the  chances  of  survival  being  poorest  for  those 
who  received  the  largest  doses.  Sickness  of  this  type  has 
been  seen  after  brief  whole-body  y  radiation  with  doses 
in  excess,  of  k50  r.  It  is  possible -that  as  EH5  of  external 
t 

Group  IV:  This  is  an  accelerated  version  of  the  sick 
ue»a  JescrfFed  as  Group  III.  All  in  this  group  begin  to 
vomit  soon  after  the  onset  of  exposure,  and  this  continue 
for  several  days  or  until  death.  Damage  to  the  gastro¬ 
intestinal  tract  predominates,  manifested  by  Intractable 
diarrhea,  which  soon  becomes  bloody.  Changes  in  the  bloc 
count  occur  early,  and  within  a  few  days  the  total  whit© 
cell  count  nay  be  less  than  500  per  isa.l  Death  occurs 


•  •  before  the  end  of  the  second  week,  and  usually  before  the 
•  appearance  of  hemorrhages  or  epilation.  All  In  this  group 
need  care,  and  It  Is  unlikely  that  many  will  survive. 
Sickness  of  this  type  has  been  seen  after  brief,  whole- 
body  exposure  to  y  radiation  in  excess  of  600  r.  During 
protracted  exposure  to  external  y  radiation,  it  is  not 
provable  that  an  illness  of  this  type  would  be  the  first 
evidence  of  injury. 

Group  V:  This  is  an  extremely  severe  illness  in  which 
tessa^e  to  the  brain  and  nervous  system  predominates. 

-  Symptoms,  signs,  and  rapid  prostration  cor.e  on  almost  as 
soon  as  the  dose  has  been  received.  Death  occurs  within  a 
hours  or  a  feu  days.  Sickness  of  this  type  has  been 
'seen  after  a  brief  whole-body  exposure  to  y  rays  in  excess 
of  several  thousand  r  and  to  equivalent  doses  from  neutrons. 

Chronic  radiation  sickness?1  There  is  almost  no  information 
about  the  effects  of  protracted  external  exposure  of  man.  Some 
radium  chemists  and  radiologists  who  worked  with  radiation  before 
the  fasssr&s  were  recognised  frequently  developed  a  progressive 
refractory  anemia  and  died  either  from  the  anemia  or  from 
complicating  infections.  Animal  experiments  provide  little 
additional  information  concerning  the  patterns  of  chronic 
radiation  sickness  that  may  occur  in  man.  At  present,  we  cannot 
tell  the  sis©  of  the  EHD  that  will  be  lethal,  when  exposure  is 
protracted  over  a  period  of  ye  airs . 
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